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SECTION I

INTRODUCTION

The Military Airlift Command (MAC) is responsible for air
movement of LoD cargo throughout the world. This cargo consists of
thousands of different shipments and separate pieces. Cargo
selected for air movement is essential military material requiring
records to be kept concerning its disposition while moving through
the air transport system. Thus the handling of air cargo 1is
accompanied by a heavy burden of data handling as well. It is vital
that this data processing be made as efficient as possible, so that
record keeping will not slow cargo movement. In the MAC Integrated
Management System {(MACIMS) program, various ways are being
considered to improve air cargo data processing.

Freliminary analysis indicates that data processing ct MAC's air
cargo terminals can be improved by facilitating data entry at the
truck docks. Here at the truck dock, cargo destined for export
first comes into the air transport system. As each piece of cargo
is unloaded, its shipping label must be examined to determine proper
disposition, and pertinent data recorded in some wu; for subsequent
processing. Several alternative modes have been considered for
improving data entry at the truck dock, as discussed in the first

volume of tnis report seriesll].

One potential mode of data entry would involve image capture of
shipping label data at the truck dock, either by conventional
phoctography or by video recording techniques. Such an approach
~offers potential advantages in truck dock use. A complete set of
data about each piece of cargo could be recorded in the few seconds
it might take to photograph its shipping label. To explore the
feasibility of photographing shipping label data in the truck dock
environment, several MITRE personnel tested that technique earlier
this year, at MAC’'s mcchanized air cargo terminal at Dover Air Force
Base, Delaware. The results of that visit were summarized in the
second volume of this report series[ .

An obvious disadvantage of image capture techniques, of course,
is that imaged data would have to be processed in some way and
transcribed into digital form, before becoming available for
reference within the air transport system. Other modes of data
entry at the truck dock may prove more piomising. It might be
possible, for example, to privide a member of an unloading crew with
some kind of keyboard/display, which he could use to input data over
a direct, on-line connection to a computer. Alternatively, he might




record shipping data in some way, perhaps by keying items into a
digital recorder or simply writing them on a checksheet, with
subsequent data input to the computer delayed until truck unloading
has been completed.

The final evaluation of any data entry mode can only be made by
measuring its effectiveness in full-scale, day-to-day use at the
truck dock. But such full-scale evaluation can be expensive, and it
is not practical to test all possible data entry modes in that way.
Some preliminary screening of alternative modes must be done first,
in successive stages of analysis, initial laboratory testing, and
follow-on field testing, so that only those modes which prove likely
candidates will be considered for full-scale operational evaluation.

Some of tne more promising modes of data entry were 1dentif1ed
on the basis of preliminary analysisll]. It was decided
to conduct a program of initial testing at MITRE to compare three
methods of accomplishing the data entry job. The three alternatives
chosen for initial testing were those suggested above - use of an
on-line keypad/display, a digital recorder, or manual checksheets.
The present report documents the results of this initial test
program.

A detalled description of the test design and prccedures used is
presented in Section II of this report. Testing was conducted using
facilittes in MITRE s Data Handling Applications Center (abbreviated
DHAC in the remainder of this report). Performance was measured for
the several candidate input modes, as the test operators entered
data from photographed shipping labels sisaslating truck loads of
cargo. The simulated loads used for testing varied in shipment-to-
plece ratio and in the availability of advance shipment data, in
order to permit estimation of the effects of these two load factors
on data entry performance. %

Performance was measured in terms of both speed and accuracy.
Section III of this report presents an analysis of the time required
for data entry, as influenced by tha input mode used, by composition
of the test loads, and by session to session changes in performance
as test operators became more familiar|with their tasks. This
analysis of data entry speed is reported in terms of overall time
required to complete a test load, the tiime required to complete
characteristic sequences of data entry, and the time required for
individual data input transactions. Also included in Section III is
an analysis of keying activity for the two data entry modes
requiring keyboard inputs.

10




Accurac, of data entry is discussed in Section IV of this
report. Error rates are analyzed to determine the effect of data
entry mode, lcad factors, and individual differences among the test
operators. Errors are categorized ty type, including a distinction
between errors of data content and errors of data format. In
addition to analysis of entry errors committed by the test
operators, Section IV also presents an analysis of operator
performance in detecting and correcting errors during review of pre-
stored advaace shipment data.

Altnough performance measures can provide an objective basis for
the comparative evaluation of different data entry modes, it was
also considered important to record the opinions of the test
operators themselves. These men, with firsthand experience in the
actual unloading job at the MAC truck docks, we ‘e asked to evaluate
the different data entry modes they had used in tue laboratory in
terms of their potential application in the real job. The results
of that operator evaluation are presented in Section V of this
report. :

iduch valuable information was obtained in this initial test
program, and its overall results should provide a useful guide in
developing improved techniques f{or MAC air cargo data entry. Some
follow-on laboratory testing will be required, however, along with a
subsequent program of on-the-job field testing, before a full-scale
system can be recomrmended for operational use. Section VI of this
repourt presents recommendations for such a follow-on test program.

Certain specific aspects of the initia) test program merit more
detailed discussion than could conveniently be included in the body
of tnis report. Several special topics are discussed at greater
length in a series of Appendices. Appendix A describes the

capabilities and technical characteristics of the two data entry
devices tested here - the on-line terminal and the digital. recoider.

Appendix B describes the operational logic of the interactive
software providing sequence control for the on-line terminal,
Appendix C discusses certain deficiencies noted in the MITRE=-
designed keyboard for the digital recorder and proposes an improved
design for futue use. Appandix D discusses the detailed format of
the checksheets used for testing and includes a sample set of
checksheets., Appendix E provides an extended analysis of format
errors in use of the digital recorder. Appendix F describes the
questionnaire formats used in operator evaluation of the different
data entry modes tested, and provides a sample set of those
questionnaires,

11




SECTION Il

TEST DESIGN

During the period 12-22 May, 1975, six men from the 436 Aerial
Port 5quadron, Dover Air Force Base, participated as test operators
in an injtial evaluation of alternative data entry techniques for
potential future use at the truck docks of MAC air cargo terminals.
Tnis test prcgram was conducted at the Data Handling Applications
Center, The MITRE Corporation, Bedford, Massachusetts.

Test operators workec to record data from facsimile shipping
labels photographed at Dover AFB from truck-delivered cargo in early
April. That is to say, the operators did not actually have to
handle real packages, but simply entered the data from a pack of
photographed labels, plus tag ldentifier and disposition code for
each "piece”, Simulated truck loads used during testing each
consisted of the labels from 48 pieces of cargo.

Different test loads were used to examine the effect of
different load factors. Half of the loads represented a high
shipment-to-piece ratio (36 shipments, S/Pz.75) and half a low ratio
(12 shipments, S/P=.25). Half of the test loads simulated a high
level (.75) of advance shipment information available, and half an

unusually low level (,25).

Three modes of data entry were tested: 1) an gn-line terminal,
a2 handheld keypad/display device which the operators used to enter
data in direct interaction with a computer, with computer control of
tne input sequence and computer prompting for correction of detected
input errors; 2) a digital recorder, involving key entry to create
magnetic tape records of digital data which were subsequently inout
to a computer for processing and storage; 3) a checksheet, or
rather a pack of checksheets, on which the operators wrote down the
necessary data for each test load.

Each operator worked for a day with each of tne three data entry
modes, in four sescions each day using different test loads,
providing an overall total of 72 test sessions. Performance
measures consisted of the time required to complete each session,
the time required for a variety of specific data entry transactions
within each session, a count of data entry errors of different
kinds, and a measure of the operators’ success in detecting and
correcting errors in the pre-stored data for each test load.
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At the end of the 2aily test sessions, each operator was asked
to write an evaluation of (he particular data entry mode he had just
used, recording his judgments on a question sheet formatted for that
purpose, t the end of tnree days of testing, each operator was
asked to evaluate all three data entry modes in comparison with one
another.

The data entry task, the modes of data entry, and the procedures
used for testing, are described in greater detail in the remainder
o” this section.

THE DATA ENTRY TASK

In testing data entry modes there must be some data to be
entered. Photographed shipping labels were used to provide such
data, grouped into simulated test loads which varied in shipment-to-
piece ratio and in the availability of advance shipment data.

Errors and omissions were included in the advance data to test error
detection performance.

Shipping lLabels

To create the corpus of shipment data needed for testing, MITRE
personnel spent two days at MAC’s mechanized air cargo terminal at
Dover Air Force Base, photographing several hundred shipping labels
from pieces of truck-delivered cargo destined for air transport
overseas. The results of that photographic expedition have been
described in volume two of this report series(2], The
photographic negatives were enlarged to produce prints of
approximately true size, thus providing fair facsimile of the labels
themselves, one of wnich {s illustrated in Figure 1.

The standard military shipment label, DD Form 1387, contains 12
fields of data. First is the transportation control number (TCN), a
group of 17 symbols which uniquely identifies each shipment. The
TCN i3 followed oy further data about the shipment, including
required delivery date (RDD), an optional project code, priority,
consignor (the FHOM field), aerial ports of embarkation (POE) and
debarkation (POD), and tne consignee. The bottom line indicates the
total pieces of cargo in the shipment and the number, weight and
cube of tne specific piece bearing this label.

For shiprents comprised of more than one piece of cargo, the TCN
and the general shipment data would be the same from one label to
the next. Only the piece-specific data would differ. For a multi-
piece shipment, it should be possible to shorten the data entry task

14
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somewhat, by entering a full set of data for the first pilece
unloaded, but then simply entering a shipment identifier and the
piece-specific data for each subsequent piece from that shipment.
Such shortcut procedurss were in fact used in this test pr.ogram.

In actual air terminal operations, rot all data items on the
shipping label would be considered equally important. Probably the
TCN, priority and POD are the most important items for efficient
cargo handling, #hereas the other items of shipment data are used
for r re general record keeping purpcses. In this initial test
prcgram, however, no attempt was made to draw such distinctions., It
was assumed that all label data had to be entered. Timing measures
were taken separately for different portions of the data entry task,
as will be noted later, so that the test results can be interpolated
to predict performance for a real task involving entry of only
partial data. '

Actually, tne operators in this test program were required to
enter two extra data items for each piece of cargo, in addition to
the shipping label data. At the lower right of each photographed
shipping label was attached a special adhesive tag displaying a
computer-printed tag number, uniquely identifying the piece, and a
disposition code, both of which were included in the data entry
tasx. This special tag can be seen in Figure 1. In this
illustration the disposition code (DISP) is a S5-symbol group
identifying a cart in which the piece of cargo is assumed to have
been placed,

In actual cargo handling, the operator at the truck dock would
have to declide the appropriate disposition for each piece. In this
laboratory test situation, the label for every piece had already
been assigned a disposition., That is to say, the test operators did
not have to handle real cargo or make decisions about it. ' They
simply entered data about each plece of simulated cargo based on the
facsimile label and tag information,

The following list indicates in more detail just what items
comprised the data eatry task.

TCN 14A/N (alphanumeric) symbols. The last 3 symbols of
the real TCN's were omitted since they are always XXX
except when changed to denote partial and split
shipments.

INDEX 2N, a simple alternative to tne TCN, designating a
shipment from the load 1ist of advance shipment data.

16




RDD

PROJECT

PRIORITY

FROM
TO

POD

CONSIGNEE
PIECE
TOTAL
WEIGHT

CUBE

TAG

Use of an index to shortcut TCN entry is discussed

later in this report.

3N, generally the Julian notation for required
delivery date, although occasiornaily some other code
group appears. Operators were instructed pnot to try
to convert conventional calendar dJates which appeared
on some labels, but simply to omit them.

3A/N, a code sometimes included for accounting
purposes, but often omitted,

IN, either 1, 2, 3, or 9,

6A/N consignor code. Operators were not asked to
enter names and addresses of suppliers, but simply the
6-symbol agency code when it appeared.

3A code designating port of embarkation, in this case
always DOV since the labels used were all photographed
at Dover.

3A code designating port of debarkation, the overseas
destination for each piece of cargo. For some labels
which happened to omit the POD, the appropriate code
was printed onto the photograpn s> that the operator
did not have to figure it out,

6A/N code designating tne receiving agency. No names
or addresses were entered here, but only the 6-symbol
code if it appeared.

"IN, designating the piece number. In actual transport

operations this number might occasionally have two
digits or even more for larger shipments.

1N, designating the total number of pieces in the
shipment, 1In this test program, the largest shipments
simulated contained 8 pleces,

1IN to 4N, designating the piece weight in pounds.

IN to 3N, designating plece size in cubic feet.

6N, representing what is thought to be an adequate

length code to identify each piece uniquely during its
movement within the air transport system. Tag codes




were assigned in sequence to each piece in a test
load, simulating the order of unloading at a truck
dack, but with one break included at an arbltrary
point in that sequence for each load.

DISP ‘1A or 3A or 5A/N, representing codes for the assumed
' disposition of each piece of cargo. Pieces for local

distribution (L) or requiring special handling (S)
were assigned single-letter codes. Pleces heavy
enough to require direct forkiift to the pre-pallet
storage areas were coded by their 3-letter POD.
Smaller pieces were assigned S5-symb.! ~odes simulating
the numbers of carts in which they were assumed to
‘have been placed. These disposition codes were
invented for purposes of testing; some other code
scheme might well prove better in actual cargo
handling operations,

During testing, all of these data items did not have to be
entered for every piece. Where data items were missing from the
label they were perforce omitted in data entry. For a shipment
where advance data were made available, those data items did not
have to be entered unless found to be wrong in comparison with the
label. The minimum data entry required would be for a label
representing a single-piece shipment with correct advance data: in
that case, shipment weight and cube would match the plece weight and
cube, so the only data entry required would be the TCN (or INDEX)
shipment designator followed by the tag ard dispostion codes for the
piece. For multi-piece shipments with correct advance data, the
task required entry of piece-specific data as well, i.e., plece
number, weight and cube.

JIest Loads
\

To prepare the data base needed to support the test program, the
photographed shipping labels were grouped into 12 stacks with 48
different labels in each. These stacks simulated the truck loads of
arriving cargo whose data would be entered during 12 test sessions.
That is to say, as a test operator moved from o7e data entry mode to
anot*er, frocm one session to the next, he found a new, different
"lo ~* .. data walting to be entered. If he had to enter the same
load data session after session, he might come to have that set of
data memorjzed by the end of the test series. Certainly it would
come to seem more and more familiar.
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But if different test loads are to be used, by different
operators using different means of data entry, than it is important
that the test loads either be equivalent in respect to task
difficulty, or that they differ in factors which are measured anrd
taken into account. In the design of this test program both
approaches were employed.

The 12 test loads were equivalent in si.e, each containing the
labels from 48 pleces of cargo. It was estimated that the data from
48 labels would take something less than an hour to enter, which
seemed about right for test purposes., The ordering of labels within
each stack of U8 was completely random. For a multi-piece shipment,
the several labels for the different pieces could be mixed anywhere
in the stack, just as if a van load of cargo had gotten jumbled up
en route to the truck dock and had to be unlcdded in random order.
In actual operations, of course, vans are sometimes packed more
neatly, with some effort made to keep all pieces of each shipment
reasonatly close tosziner. Thus the test situation was designed to
represent a worst case for data entry.

The test loads were also made equivalent in terms of the image
quality of their photographed labels., Image quality cf the
photographs taken at Dover was generally ﬁood, but varied from
excellent to poor for particular labelsl2! Labels were
assigned to different test lcads in such a way that each load
includea 37-39 labels of excellent or good legibility, and 9-1i
labels of fair or poor quality, i.e., labels which were tiurred
carbon copies or perhaps smudged with dirt and hard to read.

The 12 test lc.2s differed in twoy ractors controlled in the
experimental design. Loads were constructed so as to represent tWo
levels of shipment-to-piece ratio, and all loads were presented
during the test -eries under two corditions simulating high and low
levels of availability of advance shipment data.

Shipment-to-Pjece Ratio

Presumably, it should be easier to enter the data for one
shipment of four pleces than for four shipments of one piece each.
For the multi-piece shipment, the romplete set of general shipment
data would only have to be entered once, after which only a subset
of piece-specific data would be entered for each additional piece in
that shipment. Thus an important factor influencing the difficulty
of the data entry task should prove to be the shipment-to-piece
ratio in each load. The more multi-plece shipments in a load, then
the lower the S/P ratio, the more data items on the shipnp‘ag labal
can be omitted on the average, and the easier the data entry task
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buring the photographic expedition to Dover, the obsctived S/P
ratic for truck-delivered cargo was appruiimately .50, representing
an average of about two pieces per shipment, Thc distribution of
shipment size was quite skewed, with many shipments having only a
single piece and a few shipments h:vingfmultiple pieces[zl.

It was decided to construct test ioads at both a higher and
a lower S/P ratio, bracketing the observed mean, to measure the
effect of this load factor on data entry performance,

Six of the 12 test loads were constructed to represent an S/P
ratio of .75, where the 48 labelled pieces came from 36 different
shipments. The other six test loads were constructed with an S/P of
.25, where the 45 pieces comprised only 12 different shipuwents. The
numaber of snipments of different sizes in these "high" and "low"
test loads is shown in Table 2-1. Some of the shipments cf large-~
size were created artificially, by replicating a photographed label
several times and marking different piece numbers on each copy, to
construct test loads with the desired S/P ratios,

Table 2-1

Variation in Shipment Size for Test Loads
with High and Low S/P Ratios

Snipment Size Number of Shipments in Load
(Number of Pieces) S/P High (.75) S/P Low (.25)
1 30 2
2 2 2
3 2 2
y 2 2
6 2
8 o2

Advance Shipment Data

Once the 12 test loads of different shipment-to-piece ratio had
been constructed, tne snipping label, tag and disposition data for
the 48 pieces in each load were keypunched and stored on disk in the
UHAC conmputer. Thus a complete set of data for each load was
available for comparison with data entered subsequently by the test
operators, to determine how accurately they performed the data entry
tagsk under different test conditions,

For each test load, the computer was programmed to priut out two

set3 of checksheets, one set displaying the pre-stored shipping
label 1ata for one-gquarter of the shipments {(and one-quarter of the
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pleces) in the load, and the other set displaying pre-stored data

for the remaining three-quarter3, These checksheets were given to
the operators during testing to provide either a low 'level (.25) of
advance shipment data or a high level (.75), respectively. The
partitioning of shipments used to simulate these low and high levels
of advance shipmert data is indicated in Table 2-2 for test loads of .
high and low S/P ratio.

Table 2-2
Availability of Advance Shipment Data

Number of Shipments in Load
with Advance Data Available

S/P_High (.75) S/P Low (.295)

Shipment Size Advance Data Advance Data
(Number of Pieces) Low (.25) High (.75) Low (.25) High (.75)
1 1 23 1 1
2 1 1 2
3 1 1 1 1
4 2 2 |
6 2 ‘
8 1 1 |

The format used for the advance data printout is illustrated by
the sample set of checksheets presented in Appendix D. Advance data
for each shipment in the load were displayed on a separate page,
with the items arranged in a format corresponding to the layout of a
shipping label to facilitate comparision during review of advance
data by the test operators. It should be noted that tag and
disposition were pot included in the advance data, since these would
be determined during the unloading of actual cargo, and that piece-
specific data were included only for single-piece shipments where
such data are known in advance. '

The advance data printed out for each load contained some
errors. Some of those had been introduced deliberately in order to
test the ability of test operators to detect and correct errors in
their review of the advance data, It turned out that still other
errors were introduced accidentally during the keypunching of
shipping label data for computer storage. In general, errors in the
advance data consisted of two types, missing data items and wrong
items. The subsequent analysis of test operator performance
compared error detection for both types of error.
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The two levels of advance shipment data used in this initiai
test program simulated situations which might actually be
encountured in truck dock unloading operations. A high level of
advance data cepresents the usual case. Indeed the proporticn of
shipments with advance data will often excead the .75 level tested
here. A low level of advance data would represent a truck load of
cargo which arrives with inadequate advance documentation. It was
expected that this factor, the availability of advance data, would
have a significant effect on data entry performance, and that
expectation was confirmed in testing.

MODES OF DATA ENTRY

Three modes of data entry were compared in this initial test
program: a portable on-line terminal consisting of a handheld
keypad with visual display; a digital recorder, permitting data
entry to be performed as an off-line task; and che manual printing
of data entries on specially formatted checksheets. The
characteristics of these three input modes, as used for the data
entry task, are described in the following paragraphs.

On-Line Terminal

As used here, the word "terminal" refers to a device connected
to a computer, permitting direct, on-line interaction during
performance of the data entry task. The word is not intended to.
refer to any larger facility such as an air cargo terminal. A&
photograph of a test operator working with the on-line terminal is
shown in Figure 2. Tre on-line terminal was connected to the
computer presently being used in MITRE’s Data Handling Applications
Center, a NOVA 800 minicomputer manufactured by Data General
Corporation. - - e

A cloase view of the keypad/display for the on-line terminal is
shown in Figure 3. This device is manufactured by Termiflex
Corporation, Nashua, New Hampshire, and is often called simply "the
termiflex". The terminal itself weighs only 1.5 pounds. Its
display can present two lines of 10 symbols each, Its keyboard has
an alphanumeric cluster similar to that which has become standard on
Touch-Tone (® telephones, plus some extra control keys below and to
the left. A more detailed description of this device is provided in
Appendix A tu this report.

The terminal is designed to be held in the left hand, with the

right hand used for keying data entries. Numeric data can be keyed
in a straighttorward manner. Alphabetic entries require depression
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Figure 2, Test Operator Using Handheld On-Line Terminal
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of one of three shift keys on the side of the termiflex, by fingers
of the left hand, to designate which of three letters is intended
when the right hand presses a key on the face of the device, This
requirement for simultaneously combined action from fingers of the
two hands seems awkward on first use of the device, particularly in
the key entry of mixed alphanumeric data.

Key entries appear on the bottom line of the associated display,
at the position denoted by a cursor symbol, which is not visible in
Figure 3. When the bottom display line is full, i.e. when 10
symbols have been entered, it moves upward displacing the old top
line from view. Further data entry is displayed in the new bottom
line. 1In use of the termiflex for the task of entering cargo data,
the data items were entered one at a time, each in a single display
line except for the truncated, 14-symbol TCN which required two
lines of display.

Since this device was used on-line, the computer could be
programmed to interpret any selected key entry as calling some
particular function needed in sequence control., It can be seen in
Figure 3 that six special control keys were assigned such programmed
functions:

o YES/ENTER to signal the end of a data entry, or to answer
affirmatively a computer-posed question.

e NO/CANCEL to cancel a garbled data entry currently beirg
input, or to respond negatively to a question.

e BACKSPACE (labelled4—) to cancel the last symbol in a
e " .. current data entry. .

e BACKUP to cancel the current entry and return to the
last previous step in the data entry sequence,.

e RESTART/STOP to interrupt the data entry sequence to enter a
revised TCN, or to stop the sequence.

e NEW DELAY to divert from the data entry sequence
temporarily to define a new delay parameter for
transient advisory displays, as discussed below.

Since the termiflex was used on-line, the computer could control
the contents of the display. This capability was exploited in
several ways when programming sequence control for the data entry
t.ask. As a simple example, when the operator keyed BACKSPACE, the
computer regenerated the entire two-line display minus its last
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symbol. The resultant visual effect was to see the display blink as
the cursor apparently moved backward one space to erase the last
symbol.

During the data entry sequence the computer wrote "prompts® to
the termiflex display. Figure 3 shows the prompt for entry of a
TCN. When entry of a data item was completed using the ENTER key,
the computer checked the input item against stored criteria for
validating data. If an entry seemed correct, with proper number of
symbols, type of symbols, etc., then the computer displayed the
appropriate prompt for the next item to be entered. Thus the data
entry task proceeded as a sequence of discrete transactions.

If the computer detected an error in the format of a data entry,
it was programmed to "beep™ an auditory signal inside the termiflex,
to display a trensient error message for a set incerval of time, 21d
then to display a prompt for the re-entry of that data item. In
certaln instances two transient error messages would appear in
succession, to provide guidance in alternative means of error
correction., The time interval chosen for the display of such
messages was set under computer control, and could be changed
arbitrarily by using the NEW DELAY key to initiate a short on-liqe
transaction to enter whatever interval is desired. During testig,
an interval of 1.5 seconds was used during each operator’s first
session with the on-line terminal. This interval was shortened to
.5 seconds for subsequent sesgsions.

If tne operator himself detected an error during data entry, he
could use the BACKSPACE key to correct it.. If he became confused,
he could use the CANCEL key to abort the transaction. The computer
simply regenerated the prompt for the data item, without any
intervening error messages. If he wanted to change some previous
data entry, he could use the BACKUP key, which caused the computer
to step backward through the data entry sequence one item at a time.
1f the operator decided at any point that he had to revise his entry
for a TCN, he could use the RESTART key to abort the current data
entry sequence and start over again. Such options permit
flexibility in the use of an on-~line terminal. They may seldom be
used but are helpful when needed.

Aside from these implicit options, always available to him, the
operator could be offered an explicit choize by the computer. At
the end of data entry for each piece of cargo, he was asked if there
were data for another piece to be entered. He would use the YES key
to request continuation of the data entry sequence, and finally the
NO key to signal the end of a load. For shipments with advance data
available, the control sequence required the operator to review the
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data item by item, to confirm correct items and change incorrect
ones, for the first plece "unloaded" for that shipment. For a new
TCN, he simply entered the necessary shipment data for the first
piece. For subsequent pieces, in both cases, the operator was given
a choice as to whether he wished to review the stored shipment data,
and he used the YES or NO keys to indicate his decision.

Other niceties of program control of the interactive data entry
sequence included computer anticipation of highly probable inputs.
In entry of port of embarkation, for example, the computer prompt
read POEzDOV? The operator could approve this "guess"™ with a single
keystroke, rather than having to key the three letter code. For
plece identification the computer predicted the next tag to be
entered by adding 1 to the last, assuming that pieces are tagged in
their order of "unloading®". That is to say, if the last piece
entered had the tag 325687, the tag prompt for the next piece would
read TAG=325688? The operator could confirm this prediction with a
single keystroke unless he had just reached that point in the test
load where a break in the tag sequence had been inserted.

The control program mediating on-line data entry (and also
performance recording, as discussed later) was completely checked
out in 3hakedown runs prior to testing. No program flaws appeared
during actual testing. A more detailed outline of the sequence
control logic used for the on-line terminal is presented in Appendix
B to this report, along with suggestions for improvement based on
problems observed during testing.

It should be noted that for each test load the operator of the
on-line terminal was given a set of checksheets displaying the
advance data available for that load, as described later in this
report. He did not need to refer to these checksheets, however,
--because -the -computer displayed advance data item by item (or review
at his terminal. He could simplify his data entry task somewhat by
referring to an index which accompanied the checksheets, listing by
TCN all shipments with advance data. If a piece of cargo came from
a shipment on that list, the operator could =simply enter the
shipment’s two-digit index number instead of the full T{N. Each
"new" shipment in the load was automatically assigned an index by
the computer. If the operator bothered to note this new index, by
writing its TCN on the index 1ist, he could use this index when
entering data for subsequent pieces of that shipment.

Digital Recorder

By "digital recorder" is meant a device which permits key entry
of data off-line to create a digital record, perhaps on magnetic
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tape, which can subsequently be played back and transmitted for
computer storage. (A keypunch would serve the same function, but
Keypunch equipment is more cumbersome and more expensive.) The
digital recorder used in this initial test program is called the
Source 2001 portable data terminal by its manufacturer, MSI Data
Corporation, Costa Mesa, California. A photograph of the digital
recorder being used by a test operator is shown in Figure 4. A more
detailed description of the capabilities of this device i3 presented
in Appendix A to this report.

Previous research at MITRE had provided some measures of data
entry time and errors using the 1igital recorder, and had indicated
tihat this device might prove suitable for air cargo data entry
(Sutherland, 1974). It was decided to undertake further testing of
the digital recorder unier conditions which simulate more
realistically the truck dock data entry task.

A MITRE-designed keyboard previously used with the digital
recorder was refuirrbished for use in the present study. A close view
of this special keytoard is shown in Figure 5. Tne keyboard was
held in one hand by a pistol grip fastened to its bottom (not
visible in the photo), and key entries were made with the other
hand. Different groups of keys were coded ty color. The alphabetic
keys on the left were blue. The numeric keys on the right were
green. The special line indicator keys, above and to the left of
the numeric cluster, were red. '

In practice, this keytoard layout did not prove optimum for the
data entry task. The problem is one of format control. In a data
entry sequence using the on-line terminal, the computer can prompt
the entry of each data item and sc "knows" what the item is. The
operator of a digital recorder does not enjoy this advantage. A3 he
enters a sequence of data items he must strike extra keys to
indicate which item will be entered next. The most straightforward
keyboard design would provide one specially-labelled indicator key
for each type of data item to be entered. The keyboard actually
used did not have enough extra keys available for that purpose.

The expedient used in this initial! test program was to
categorize the different data items on a shipping label into several
"lines", and then use the spare keys on the keyboard to indicate
which line of data was to be entered next. To mark the boundaries
of the several data fields within each line, it was necessary that
the operators key an ENTER butten after each data item. This line
entry logic was explained to each operator during his first test
session using the digital recorder, with the aid of the special
instructional display reproduced in Figure 6. That display remained
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Test Operator Using pigital Recorder

Figure 4.
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available to serve as a ready reference throughout all sessiong
using the digital recocider, and can be discerned in Figure 4.

Just as there was no on-line sequence control provided by a
computer to the user of the digital rerorder, neither Wwas there any
on-line feedback from computer checking of data entry errors. The
cperator himself had to stay alert to notice erroirs as he made them,
The keyboard was configured to provide similar means >{ error
correction to those used with the on-line terminal. The HAUKSPACE
key permitted correction, i.e.,, erasure and re-entry, of particular
characters. A CANCL key permitted erasure of the data fiel?
currently being entered. A backup capability of sorts was providea
by using double-keying of a line indicator to begin re-entry c{ all
data items in a line, or to correct a TCN. OQperators were reminded
of these error correction procedures by a supplemzentary reflerence
display, reproduced in Figure 7.

Aside from producing a record of key inputs cn magnetic tape,
this particular digital recorder also generates a printed record on
a strip of paper. At any time, the /3 symbols most recently entered
can be viewed (with some difficulty) through a small display window
in the front of the recorder device. Test operators using the
digital recorder seldom looked at this paper display, usually bLeing
content simply to re-enter data if they became confused and
doubtful. On several occasions during the test sessions the strip
printer was not operating properly, which may have contributed to
tne operators' reluctance to rely on its display.

It should be noted that for each test load the operator of the
digital recorder was given a set of checksheets displaying rhe
advance data available for that load, as described later in this
report. He could refer to these sheets to determine whether
corrections to advance data needed to be recorded. He did nct nee.
to record data items which were already correct in the advance
shipment information. Thus by reviewing checksheet data the
operator could shorten his data entry task. He could also refer to
the index accompanying the checksheets to designate shipments by a
short index number rather than by TGN, just as he could when using
the on-line terminal. For a ncw shipment, he could assign an index
number himself if he wished, using the appropriate keying cequence
noted in Figure 6,

Anticipating the results of this study, which are discussed in
later sections of this report, the logic governing the data entry
sequence and the procedures for error correction both seemed to pose
problems to users of the digital recorder. Evidence to support that
conclusion was derived from an analysis of format errors made using
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Error Correction using the Digital Recorder

= To unlock keys after a double strike,

e
push CLEAR
anmEw

=% To go back and correct a wrong keystroke,

-l

push Sgﬁgé as many times as necessary,

then re-key the data from that point.

To cancel whatever you have keyed in the
]
current data field, push CANCh ard then

re-key the data.

«-~¢ To make changes outside the current data

rield, push the appropriate line indicator

(red hg;tgg) twice, then re-key the entire

‘1ine of data.

Figure 7,

Error Correction Procedures for Digital Recorder
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this device, summarized in Appendix E, and tends to contradict the
operators’ expresscd evaluation of all data entry modes as easy to
learn. If the digital recorder is to be considered for actual use
in this data entry jodb, it will be necessary to redesign its
keyboard and consequently the logic of data input. Suggestions feor
an improved keybcard layout are presented in Appendix C to this
reoort,

Manual Checksheets

The third mode of data entry whicl, was tested did not require
any equipment 2t all, except for pencil and paper. The paper
consistad of a set of specially formatted checksheets on which the
operator could print the necessary data for each piece of cargo in a
test load. Figure Y shows a test operator working witn a set of
checksheets.

The checksheets were printed out by the NUOVA computer, from the
stored data base of snipping label information, in advance of the
test sessions. For each test load, two sets of checksheets were
available, one providing a low level of advance snipment data and
the other a high level. The test operator was given whichever set
was appropriate, depending upon his particular test schedule, A
sample sel of checksheets i3 presented in Appendix D to this report.

The checksheets displayed advance data one shipment to a page,
with data items arranged to correspond to the format of a shipping
label for convenient comparison. Operators were instructed to write
in any missing data items, including piece-specific data and
possible omissions from thie advance shipment data, and to cross out
and write over any items which were wrong in tue advance data. For
"new" shipmenty all data items had to be written in, and blank
checksheets were provided for that purpose,

Each set of checksheets began with a cover sheet which listed
the TCN's for tnose shipments with advance data, along with a two-
digit index number assoziated with each TCN. These index numbers
were “isplayed prominently on the checksheets and so could be used
by the operator to speed his search through the pack looking for the
checksheet for a particular shipment. For new shipments, the test
operators were encouraged to add TCN's to the index list if they
wished to do so. Often they did index new shipments, particularly
multiple-piece shipments whose checksheets would have to be accessed
several times during a test session.

Aside from the use uf checksheets for data entry, sets of
checksheets were also provided as supplementary reference material
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to test operators working with the on-line terminal and with the
digital recorder, as noted earlie in the descriptions of those two
data entry modes., The operator of the on-line terminal used only
the index list attached to the checksheets, to permit shortcut entry
of index number rather than TCN to designate shipments having
advance data. The operator of the digital recorder used the index
list in the same way, and referred to the checksheets as necessary
to review the correctness of advance data. In neither of those two
modes did the operator have to write data onto the checksheets.
Neither of those modes require that checksheets of advance data be
used, but the checksheets (or at least a load index list) may prove
a helpful reference when available.

TEST PROCEDURES

Having defined the data entry task to be performed, and the
modes of data entry to te tested, the remaining aspects of test
design have to do with the selection and training of operators, the
ached ling and conduct of test sessions, and the observation,
measurement and evaluation of performance. The procedures used in
this initial test program are described in the following paragraphs.

Test Operators

Six men from the 436 Aerial Port Squadron, Dover Air Force Base,
were recrul 2d to participate as test operators. These men were
drawn from the unloading crews currently working the truck dock at
the Dover air cargo terminal. As a group they may be considered a
representative sample of MAC personnel assigned to this job,
including men with different degrees of experience in cargo
randling, ranging from a few months to several years. None of these
men had any particular prior expenience in data entry, and none of
them now perform any specialized clerical tasks at the truck dock.
These men all have normal vision and nc manual impairment.

|

This initial test program was conducted at the ESD/MITRE Data
Handling Applications Center in Bedford, Massachusetts. For
convenience in scheduling, test opefators were invited to this
laboratory facility in groups of three, each group working there for
several days, the first group on 13J15 May 1975 and a second group
on 20-22 May.

Each group of test operators was/ welcomed to the DHAC with a
short briefing for general orientation. They were told something of
the continuing effort to upgrade MAC data processing and the
perceived need to improve data entry at the truck docks. They were
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given a snort summary description of the three data entry modes to
be tested. They were told that the purpose of this initial testing
was to determine whether any of these data entry modes look good
enough to warrant subsequent field testing. They were iold that
performance measures would be taken of the speed and accuracy of
data entry, and that they would be asked to make their own
evaluation of each data entry mode. They were as3ured that it was
t-2 device or mode which was being tested and not themselves, and
that anonymity would be preserved in any subsequent reporting of
individual performance.

. Sample photographs of shipping labels were distributed to the

-test operatcrs to ~emind them of the data format, and the various

items comprising general shipment data and specific piece data were
reviewed. The concept of pre-stored data simulating availability of
advance shipment information was discussed, and also the differences
in shipment-tc-piece ratio which can occur from load to load. It
was explained that test loads would vary in both of these factors,
and so the operators should not be surprised if the data entry task
proved easier for one load than another.

A work schedule was posted showing each of the test operators
which data entry mode he would use for each ¢f the several days of
testing. Test operators were then introduced to the three MITRE
observers who would work with them during the test sescions, and the
first session was begun. No attempt was made to familiarize
operators with a data entry mode in any period o: nands-on use prior
to testing. All training was conducted on the job, so that any
problems encountered could be observed and learning measured in
terms of changes in job performance.

Scheduling

Each operator worked four sessions using a particular data entry
mode in each day of testing. Each session involved data entry for a
different test load, with either a high or low shipment-to-piece
ratio, combined with either a high or low availability of advance
shipment data. The daily sequence in which the operators used the
three data entry modes was counterbalanced so that potential order
effects would not bias the subsequent analysis .f' performance
comparing modes, As an example, if there were a tendency for
operators to learn general aspects of the job and work better from
day to day, giving their best performance with whatever mode is used
last, then to permit a fair comparison of different data entry modes
it would be important that different operators use them in different
order, GSimilarly, the sequence in which the operators worked ith
Cifferent types of test loads, from session to session, was
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randomized s> that the cffects of learning how to use a data entry
mode would aot introduce any consistent bias in the subsequent
analysis of load factors. The resulting schedule of test sessions
which embodied these constraints is summarized in Table 2-3.

Table 2-3

Test Scheduling of Data Entry Mode and Load Factors

Day: 1 2 3
Session: 1 2 3 ] 1 2 3 y 1 2 3 ]
"8t
Operator:

c orT DR Ccs
LL HH LH HL HH HL LL LY LL LH HH HL

B DR cs - 0T
LH LL HL HH LH HL LL HH HL LH HH LL

A CS oT DR
HL HH LH LL HH LL HL LH HL HH LH LL

E OT cS DR
LH HL LL HH HL LL HH LH LH LL HH HL

b (€S DR oT :
LK HL LL HH LL LH HL HH HH LL LH HL

F DR oT cs
HL HH LH LL LL HH HL LH HH LH KL LL

Note: For each test operator, designated here by letters A through

F, tne first row indicates the data entry mode used on each
test day: OT = on-line terminal; DR = digital recorder; CS
= checksheet. The second row indicates characteristics of
the test load used in each session: HL = high S/P ratio
and a low level of advance shipment data; LH = low 3/P and
high advance data; etc.

The test schedule was contrived in such a way that on any day
each of the three operators in a group was using a different mode of
data entry. This was necessary because only one on-line terminal
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and one digital recorder were available for use in the DHAC, and

because the computer program provided eontrol for only one on-line
device at a time.

Test Environment

No attempt was made to simulate the truck dock environment in
this initial test program. As noted earlier, the test operators did
not have to handle real cargo, nor make decisions about its

disposition. They were given no waybills to check. They simply }N‘
entered or recorded data from a stack of photographed shipping .
labels. : f%v

Test operators did not have to move about, from one piece of
cargo to another, dodging forklifts and other workers, nor did they
have to carry any of the data entry gear they were using. Instead,
they worked comfortably seated at tables. They did not have to
Strain to read labels in the dimly lit interior of a van. In the
laboratory a high ambient illumination was provided by overhead
fluorescent lights.

On the other hand, tnere was no special attempt made to preserve .
a quiet laboratory environment during testing. Test operators
worked in the same room, at three locations separated by only 6 or 7
meters, and could hear and observe each other at work if they wished
to do so. Other users of the laboratory were sometimes present.
Visitors occasionally wandered about, chatting in the background. N
Phones rang, and other machine noises, particularly the high speed '
printer, were obtrusive.

There was no time pressure on the test operators to complete the
unloading of a truck, or to keep up with other members of a work
crew., LEach man worked individually, at his own pace. The test
operators were obviously motivated to work well, however, and all
were diligent in their task performance. Although they were
encouraged to take a break after each test session, these self-
regulated rest periods seldom extended for more than 5 or 10
minutes,

The steady rate of work resulted primarily from the
conscientious attitude of the test operators. Other contributing
factors were implicit competition among three operators workirng
simultaneously, and a desire to finish early. Each afterncon when
all members of a test group had completed their schedvled test
sessions, they were given an opportunity to explore other data
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processing capabilities available in the DHAC, including
demonstrations of electronic display stations, voice input
equipment, bar-code wand reader, and optical character reader.

Despite such interesting "extracurricular" activities, and the
general amenities of a laboratory setting, the test environment was
in one significant way more demanding than the actual data entry job
wculd be. At the truck dock, data entry would be performed as a
sporadic task, with occasional intervals of waiting for the next
piece of cargo to be unloaded and brought into view. 1In the test
environment, the label for the next plece of simulated cargo was
always waiting in the stack of photographs, so that the data entry
task required ccntinuous concentration of attention. There is
little doubt that the operators were tired at the end of each day’s
test sessions,

bservers

Each MAC operator worked at all times with a MITRE observer, a
different person for each data entry mode. The role of these
observers was somewhat broader than the name suggests., The
observers were responsible for training test operators as well as
recording performance, and also served as MITRE hosts, answering
questions, providing escort to the cafeteria, etc. They acted more
as friendly assistants than as taskmasters.

During the first test session of each day, the observers
instructed the operators in use of the data entry modes, offering
general advice and step by step guidance as required. Each data
entry mode had its own special features which influenced how the
task was performed. Operators learned the necessary proceuures
while entering data for the first few pieces in the test load, and
thereafter worked on their own. Throughout the first test secssion
with each new operator the observers would volunteer comments if
they saw some mistake being made, and were prepared to answer
questions at any time. During subsequent test sessions the
observers generally did not comment on operator performance, except
in answer to specific questions.

The observers each kept a log during every test session, noting
any apparent errors made by the operators and any points of seeming
confusion or difficulty with data entry procedures. Observers were
responsible for recording the beginning and end times for each test
session. For the two modes of off-line data entry, the observers
were also expected to record the time required for various different
types of data entry sequences, using a stopwatch, For the on-line
terminal, the times of all transactions were recorded automatically
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by the computer. No attempt wa3 made to conceal these data
recerding activities from the test operators. The operators were
~neduraged to work auickly and accurately, and they understood that
tneir performance was being measured 'in both respects.

Performance easurement

Measures of data entry speed included the overall time required
to complete each session, i.e,, for a 4y-piece test load, and the
time consumed by different types of datz entry sequences. Session
time was recorded by the observer in minutes. Sequence times were
recorded in seccnds, 1he observers used a specially formatted
record sueet to note the type of each data entry sequence as well as
tne time required. Sequence types included entry of shipment and
piece data for a "new" TCN, review of advance shipment data and
entry of piece Jata for an "old" TCN, and entry of piece data only
for a TCN whose shipment data had already been entered or reviewed.

Within a data entry sequence, the ooservers of the two off-line
modes were sometimes able to record the time required for individual
tran3actions, e.g., the time consumed in scanning an index list, in
finding tae particular page in a pack of checksheets, in reviewing
shipment data, in keying a TCN, etc. For the on-line terminal, the
controlling computer kept a time record for every operator input.
This record was stored on disk for later analysis, and also printed
out at the end of each test session. It was thought that such
transaction analysis could prove useful in the future when test
results might have tc be interpolated to predict performance if the
data items to be entered in the actual job setting were some subset
of tnose used in this initial test program. '

A record was preserved of all data entries, of course, and for
the on-line terminal and the digital recorder a count was
subsequently made of the frequency of all keystrokes, for data entry
itself and for the various function keys used to control data entry.
It was expected that such records would help the interpretation of
any measured differences in data entry time in the use of those two
devices. The data records were preserved in digital form on disk
and also were printed out for visual inspection.

Accuracy of data entry for the on-line terminal was determined
by programming the computer to compare records of data actually
entered with a true record already stored for each test lcad. As a
result of this comparison, it was possible to note those
discrepancies which indicated either errors in entering new data or
failure to detect errors in reviewing advance data.
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For the digitél recorder, the measurement of accuracy was not
quite so simple, since it was possible for the test operators to
make errors of format as well as errors in data content. The
operator of the digital recorder had to push special function keys
to indicate that the next symbol group he entered would be a TCN, or
a POD, or a consignee code, or whatever. If he made an error using
these function keys, it made the resulting digital reccrd difficult
to interpret. When the computer assembled a3 data file from the
digital record, a correct data entry might be assoclated with a
wrong item, even with a wrong shipment, because of such format
errors.

To try to cop2 with this problem, the digital records generated
by the test operators were submitted to computer analysis to create
an initial data file for each seasion, which was then pr.nted out
for inspection. A number of common format errors were roted which
had resulted in garbled data. The analysis program was evised *o
cope with some of the most damaging format errors, and then uvsed
again to create a new data file. Those refined data files, still
containing some unavailable residual losses due to format errors,
were then compared with the complete true records for each test load
to determine data entry errors, just as described above for the on-
line terminal.

For the checksheet mode of data entry, it was not possible to
develop a sensible measure of accuracy in the context of this
initial test program, since the data items written on a checksheet
are not yet in digital form. Use of a checksheet implies a
subsequent process of key entry which would itself be subject to
error. Although the test operatcrs were cautiornied to write legibly,
casual inspection of the resulting checksheets raises some question
as to whether their data could in fact be transcribed accurately.

It is planned to test that question by having MITRE operators
enter data working alternatively from the scrawled checksheets
generated in initial testing, and from the shipment labels
themselves., The results of that follow-on study will not be
available until later this year. Any data errors detected in that
follow-on study will be examined to determine W#hether they should be
attributed to faulty recording on the checksheet or faulty
transcription, although as a practical matter it is the combined
error rate which would be important.

Although the commission of data recording errors using the
checksheets cannot be assessed here, it was possible to m:asure the
operators’ success in detecting errors in advance shipment data,
All checkshects generated during this initial test program were
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scanned to determine how many of the known errors in advance data
had been noticed and corrected by the test operators, and those
results are documented in this report.

Operator Evaluation

In addition to measuring data entry performance, it was also
considered important that the test operators themselves be given an
opportunity to evaluate the data entry modes. At the conclusion of
each day’s test sessions, all operators were asked to fill out a
questionnaire designed to record their opinions of the particular
data entry modes they had used that day. At the completion of all
test sessions, on the third day of testing, the operators were asked
to fill out a final questionnaire in which they made a comparative
evaluation of the three data entry modes they had used. Copies of
tnese two questionnaires, for mode evaluation and mode comparison,
are included in Appendix F to this report.
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SECTION III

RESULTS - SPEED OF DATA ENTRY

If a data entry task at the truck dock is superimposed on the
primary job of unloading cargo, it is important to ensure that data
" handling does not delay and interfere with cargo handling. Thus for
any data input mode being considered, an important measure is sneed
of data entry at the truck dock. Measures of data entry speed
obtained in this initial test program are discussed in this section
of the report.

Speed of data entry is discussed here first in terms of the
overall time per segsion, i.e., the time required to complete a 48-
piece test load. Then data entry is analyzed in terms of the time
required to complete characteristic sequences of inputs for pleces
of cargo with and without advance shipment information. Finally,
this section provides an analysis of the time required for specific
transactions, in which speed of data entry is examined for the
individual items on a shipping label.

Because the time required is strongly dependent on the amount of
data to be entered, this discussion of data entry speed is also
accompanied by an analysis of transaction keying for the two input
modes involving use of keyboard devices - the on-line terminal and

the digital recorder.

SeSSION TIME

MITHE observers recorded time at the beginning and end of each
of the 72 test sessions, to the nearest minute. Those session times
are listed in Table 3-1. Presented in this form, it is difficult to
discern tne relative influence of the several experimental variables
because of their overlapping effects. Aggregate statistics derived
from this table will be presented in the paragraphs that follow, in
discussing each of the relevant factors involved.

Statistical significance of differences in data entry speed
attributable to different test conditions was examined through
analysis of variance of session times, using standard computer
software developed for Lhat purpose(3j, The analysis of
effects of data entry mode, shipment-to-piece ratio, and level of
advance shipment information, is summarized in Table 3-2. A similar
analysis, in which session times were re-ordered to examine learning
effects by day and by session, is summarized in Table 3-3.
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Table 3.1

session Time for 4d-Piece Test Loads
under All Test Conditions

gn-Line Terminal Ligital Recorder Checksheet
Test Load Day- vay - : Lay-
\perator Factora Session Iime  Session Time Session Time
A HL ¢=3 58 min, 3.4 75 min. 121 73 min.
Hh -1 85 -2 46 -2 45
LL -2 L2 -4 34 -b 37
LH -4 31 -3 28 -3 32
£ HL 3-1 53 13 49 2.2 40
iH -3 35 -4 34 -4 32
Li -4 32 -2 34 -3 20
L -2 26 -1 59 -1 21
< HL 1ol 60 2-2 60 34 u2
He -2 60 -1 62 -3 39
LL -1 T4 -3 42 -1 35
L -3 33 -4 37 -2 26
g HL 3-4 50 2-3 44 1=2 38
HH -1 43 -4 36 -4 28
LL -2 32 -1 48 -3 23
LH -3 27 -2 29 -1 23
E HL 1.2 52 3-4 u8 2-1 u5
HH -4 46 T a3 T -3 - 33
LL -3 43 -2 37 -2 27
LH -1 51 -1 &7 -4 19
£ HL 2-3 68 1-1 96 3-3 46
HH -2 51 -2 56 -1 36
LL -1 64 -4 45 -4 31
LH -4 35 -3 42 -2 29

Note: For load factors, HL indicates a high S/P ratio (.75) and a low
level of advance shipment information (.2%); LH indicates a low S/P
ratio {(.72%) and a high level of advance information (.75); etc.
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Table 3-2

Analysis of Variance of Session Time as Influenced by Data Entry
Mode, Shipment-to~Piece Ratio, and Level of Advance Shipment Data o

Source of Vgriance- da.f, Mean Sguare F

Operators (0) 5 463.5 -
Conditions 1
Mode (M) 2 1,404.5 14.8%
S/P Ratio (R) 1 3,556.1 37.6¢
Advance Data (A) 1 1,404.5 14, 8%
Mx R ' 2 2.93 .03
Mx A 2 30.5 .32
Rx A 1 162.0 1.7 :
Mx RxA 2 159.5 1.68 \
Operators x Conditions 55 94.7
O0xM 10 111.1
0xR 5 143.2
0xA 5 83.3
OxMxR 10 85.7
O0xHMxA 10 77.6
Ox Rx A 5 129.7
Residual 10 68.1

- #p<.001
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Analysis of Variance of Session Time as Influenced by

Table 3-3

Day of Testing, and Session wsithin Day

Source of Variance

Operators (0)

Conditions
Day (D)
Session (S)
Dx3S

Operators x Conditions
OxD
0x3S
Residual

T 885,005

d.f, Mean uare F

5 463.5 -
1
2 462.9 2.99
3 961.7 6.22%*
6 202.0 1.31
55 154.6
10 299.5
15 125.7
30 120.7
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Statements of statistical significance in the following paragraphs
are based on these two analyses. '

Effect of Data Entry Mode

The use of different modes of data entry resulted in fferences
in the lengt.h of test sessions, i.e., the time required tu complete
‘data entry for a 48-.piece test load. Average session times for the
‘three modes tested are iisted in Table 3-4. The checksheet was the
fastest, with the other two modes about the same in overall speed of
data entry. The analysis of sesc=ion times summarized in Table 3-2
irdicates no sigiifi~ant interaction effect between data entry mode
and any other test variable.

. Table 3-4

Average Session Time for Three Data Entry Modes

pata Entry sode Mean Session Time
On-Line Terminal 47.5 min.
Digital Recorder 47.4

Checkshaet 34.2

In actual operations, of course, nandwritten data on the
chezksheets would have to be transcribed in some way to digital
form, perhaps by keypunching, thus adding to the total time ra2quired
for data entry. What is important is that all three modes seem fast
enough for use at the truck docks, indicating tnat data entry could
keep pace with truck unloading. That conclusion will be discussed
furtner at the end of this section, after all results on speed of
data entry have been reported.

Effect of lLoad Factors

Session time was also influenced by load factors, as one would
expect based on common sense. For loads with a high level of
advance shipment data, fewer new data items have to be entered, and
so data entry is faster. For loads with many multi-piece shipments
(low shipment-to-piece ratio), fewer data items have to be entered
because general shipment data can be omitted for all but one piece
in each shipment; and again data entry is faster. These effects are
illustrated in Table 3-5, which presents session times for the
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different combined load factors - high and low S/P ratio, and high
and low levels of advance sliipment information - averaged over all
three agata entry modes. Tne analysis of session times summarized in
Taple 3-2 confirms significant effect3 attributable to both of these
load factors, but indicates no significant interaction effect
belween tnemn.

Table 3-5

Average Session Time for Different Test Loads

Load Factors
S/P_Hatio Advance Data Mean_Session Tinme
dign (.75) Low (.25) 55.9 min,
High High (.75%) 44 .1
Low (.25) Lowe 38.9
Low High 33.1

Learning Effects

Differences in average session time from day to day, summarized
in Table 3-b, were not great. Although there seems to hiave been a
tendency for the test operators to work somewhat more quickly from
one day to the next, the analysis of session times presented in
Table 3- 3 indicates that this apparent difference does not quite
acnieve statistical significance (p>.05). C e e

Table 3-6

Average Session Time from One Test Day to Another

Day Mean Session Time
1 47.8 min.
2 42.0
3 39.2
50
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The kinds of learning which might result in day to day
performance changes are speculative. The operators might gradually
become accustomed to shipping label formats and the general
requirements of the data entry task; but shipping labels were
already familiar to them. The operators might gradually become used
to the general test environmemt and learn to concentrate their
attention in meeting task dermands; but the test envircnment although
novel was not particularly stressful.

More notable differences in time were observed from session to
session within each day of testing, as summarized in Table 3-7. It
can be seen that the first tust seasion of the day went fairly
slowly in comparison with succeeding sessions, as test operators
learned the procedures for the particular data entry mode they were
using. It seems evident that most of this mode-specific learning
was accomplished within the first test session, since little further
improvement in speed can be observed for data entry in subsequent

sessions,
Tatle 3-7

Average Time for Repeated Sessions
Using the Same Data Entry Mode

Session Mean Session Time
1 53.8 min.
2 41.1
o 3 3~ ?
y 37.8

A special analysis of session time was conducted to determine
whether there was any interaction between session and data entry
mode. No significant interaction effect was found. One might
suppose that the two modes involving keyboard data entry could show
greater learning effects from session to session than the checksheet
mode which only involves use of paper and pencil. The results do in
fact match that expectation, as can be seen in Figure 9 where
average data entry time is plotted against session separately ilor
the three data entry modes. The decrease in time from the first to
second session does seem more marked for the on-line terminal and
digital recorder than for the checksheet mode. But because the
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checksheet is generally faster, the proportional reduction in data
entry time is similar for all three modes, thus accounting for the
failure to confirm an interaction effect in variance analysis. Even
the simple checksheet mode provided an opportunity for learning, if
only to learn tetter how to shutfle paper.

Individual Differences

As in any test involving human performance, there were
individual differences among the test operators. Average session
times for tuese six individuals are listed in Table 3-8. It can be
seen that the fastest operator took about 30 percent less time than
the slowest. (The fastest operator is not necessarily the best man
" for the job, however, unless be is accurate as well.) Since the
test design involved repeated .1easurements from each operator, there
can be no valid test of the statistical significance of individual
differences ir performance, but these appear to be of about the same
magnitude as differences in data entry speed attributable to the
controlled test variables.

Table 3-8

Individual Differences in Speed among Six Test Operators

Test Operator Mean Session Time
A 47.1 min,
B8 36.6
c - u7.%5
" , 3.9 .
E 41.9
F h 49.9

Keystrokes

To some extent it is possible to account for differences in data
entry speed in terms of different demands of the da‘a entry task
under the various test conditions. Task demands could be estimated
by counting data entries, or perhaps by counting keystrokes. For
the two modes of data entry which produced digital records, it was
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possible to program the DHAC computer to scan those records for each
test session and count automatically the number of keystrokes of
various kinds which were used to accomplish the data entry task.
Thus there is available a direct and convenient statistic reflecting

the amount of data entered for test loads of different kinds.

The average number of keystrokes per session for test loads
combining different load factors is shown in Table 3-9, listed
separately for the on-line terminal and the digital recorder to
permit comparison of those two data entry modes. It can be seen in
this table that those test loads which resulted in shorter session
times did in fact require substantially less data input.

‘Table 3-9

Average Keystrokes per Session for Different Test Loads Using
On-line Terminal and Digital Recorder

Load Factors Data Entry Mode

S/P_Ratio Advance Data ; On-Line Terminal Digital Recorder

High (.75) Low (.25) 1,939 2,445
High High (.75) ; 1,325 1,663
Low (.25) Low 5 1,297 1,777
Low High 5 _ 1,086 1,567

A comparison of performance measures for different test loads in
Tables 3-5 and 3-9 certainly indicates a rough correspondence
between time required and data entered. But this correspondence
does not exist between the two data entry modes, which were
equivalent in time required (Table 3-4) but involved quite different
levels of keying activity. In effect, users of the digital recorder
were required to make more keystrokes to accomplish the job, but
made them more quickly. Users of the on-line termimal were
presumably constrained to a more deliberate pace in the item-by-item
sequence of interaction with the computer. The net result for these
two modes of data entry proved to be equivalent session times
achieved in different ways.

An overall count of keystrokes, of course, is hot an exact
measure of data entered. Some keystrokes are needed for signalling
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associated with the control of entry format, and for error
correction, as well as for data entry. A more detailed analysis of
keying acti' ity for the on-line terminal is summarized in Table 3-10
and for the <igital recorder in Table 3-11. These tables show the
average number of keystrokes used for data entry, format control and
error correction, for different test lcads.

Comparing keystroke counts for the two entry modes, it may be
seen that the digital recorder required on the average about 400
more strokes for data entry than the on-line terminal. This
difference can be accounted for entirely in terms of the different
data entry procedures used in this initial test program. The user
of the on-line terminal generally did not have to enter data for POE
and TAG, instead simply confirming computer-displayed values for
those two data items, whereas the user of the digital recorder had
to enter all items completely.

Comparing the two data entry modes in terms of keystrokes
required for format control, it can be seen that the overall
proportion was fairly similar for the on-line terminal and digital
recorder, 38 and 32 percent respectively. This "overhead" for
format control could be reduced for the digital recorder by redesign
of its keyboard to permit individual item entry rather than line
entry of groups of items, as recommended in Appendix C, with savings
of pernaps 300 keystrokes per test load.

To assist in comparing the two data entry modes in terms of
keystrokes required for error correction, a further analysis of
error correction keying is presented in Table 3-12. Here it can be
seen that BACKSPACE was by far the most common procedure employed
for error correction in both modes. Considering the tremendous
number of total keystrokes recorded in this initial test progranm,

the relatively slight proportion of keying required for error
correction is evidence of conscientious effort by the test operators
to maintain accuracy of input in both modes of data entry.

INPUT SEQUENCE TIME

The overall time per session gives only a rough picture of the
time required for data entry. A more detailed view would take into
account the various different kinds of data entry sequences which
were included in this initial test program. Three sequences can be
usefully distinguished:

1. The first piece of cargo from a "new" shipment, whose TCN
cannot be found on the index list, for which the test operator must
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enter the full TCN, and all genéral shipment data as well as piece-
specific data.

2. The first piece of cargo from a shipment with advance data,
whose TCN is on the index list, for which te operator can enter the
short index designator, and review general shipment data, usually
without having to enter any changes, before entering the necessar

piece-specific data. '

3. Any extra piece of cargo in a shipment whose general data
nave already been entered and/or reviewed, for which the operator
need enter only the index designator and the piece-specific data.

On logical grounds one would expect that the time required for
data entry would decrease from one kind of sequence to the next, and
this indeed proves to be the case. The average times required for
these three different data entry sequences are listed in Table 3-13,
for the three modes of data entry used in this initial test program.
Table 3-13 also includes average time required for two portions nf
each sequence, the first part involving shipment identification plus
entry and/or review of general shipment data, and the second part
involving simply the entry of piece-specific data which is common to
all three sequences. Table 3-13 also provides for each sequence and
data entry mode a parenthetic indication of the fastest time
recorded in this initial test program.

- Several additional comments will aid interpretation of these
tabulated performance measures. It should be noted that this table
does not necessarily permit fair comparisons among data entry modes.
As an example, from these tabulated figures one might suppose that
the on-line terminal was somewhat slower to use than the digital
recorder, but the comparison of overall session times has shown
those two devices to be equivalent in speed. The seemingly
anomalous results in Table 3-13 can be accounted for by several
specific differences in the test conditions. For the on-line
terminal time recording was automatic, with the time interval for
one sequence beginning the instant the previous sequence had been
completed., Time recording for the digital recorder was manual, with

the observer starting his stopwatch only when the operator began
work on a new sequence, which could account for 1-2 seconds of the

difference in measured sequence time between these two modes.
Moreover, the observer of the digital recorder occasionally failed

to complete his time recording, when he was distracted by offering -

advice to the operator or answering questions, so that time records
were sometimes lost for that subsst of "trouble trials" which may
have required ccmewhat longer times to complete. By contrast,

“computer recording of times at the on-line terminal was not
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influenced by whether its operator was having difficulties; the only
times eliminated in subsequent analysis of the computer record were
for those few instances in which the operator elected to RESTART a
data entry sequence.

_ On the other hand, Table 3-13 does permit a fair comparison
within each data entry mode of the times required for different
entry sequences. As an example, for all three modes it can be seen
tnat the sequence involving entry of complete shipment data takes
more than twice as long as the sequence in which advance shipment
data can be reviewed instead. This finding suggests that if all
shipment data are needed for processing at an air cargo terminal,
there are practical benefits in permitting review and confirmation o N
of advance data when available, rather than requiring an operator to

enter all data directly from shipping labels.

It can be seen that for a given data entry mode the entry of
pie~e-specific data takes approximately the same time in all three
sequences listed in Table 3-13. An exception might be noted for the
sequence involving review of advance data. For a single-piece
shipment the advance data would include a WT and CUBE correct for
that piece, so that those two data items (considered here piece-
specific for multi-piece shipments) ~ould be simply confirmed during
the data review rather than entered. As a consequence, the average
entry time for piece-specific data was measured to be somewhat
faster for sequences involving data review.

Average values, of course ‘o not tell everything about
performance. As one might suppose, the time required to complete a
data entry sequence was somewhat variable as the operators . o
accomplished their job more quickly for some pieces of cargo than
for others. This kind of performance variability ls probably
influenced by a number of factors, including such things as
differences in label legibility as well as fluctuating attention on
the part of the test operators. For the on-line terminal, frequency
distributiuns of sequence times were developed on thc basis of
“macnine .analysis of computer records. Probably the most useful way
of examining such distributions is in terms of the cumulative
frequency with which data entry is accomplished within an increasing
time limit. Such cumulative distribution curves are illustrated in
Figure 10 for tne three kinds of data entry sequences under
discussion.

The curves in Figure 10 all indicate skewed distributions of
sequence 2ntry time, lacking that symmetric ogival form which
characterizes a balanced "normal” distribution. In effect, in such
a task it is not possible to balance the occasional instances of
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very long entry times with an equal number of unusually short times.
Uiven such skewed distributions, the mean value is not necessarily a
characteristic value. For all three data entry sequences considered
here, more tnan 60 percent of entries were accomplished in less than
the average times repcrted in Table 3-13. That is to say, the
median entry times were lower than the means in all three cases.

With distribution curves such as those shown in Figure 10, it is
possible to predict expected performance within any selected time
limit. Consider the rightmost curve, for sequences involving
complete entry of all data for a new shipment. If one wished to
know wWhat proportion of entries were accomplished ln two minutes or
less, to pick an arbitrary example, this distribution <urve permits
an estimate of 75 percent, The curves permit estimation in reverse
with equal ease. As an example, for entry only of piece-specific
data for extra pieces in a shipment, what is the time limit within
which 90 percent of those entries can be accomplished? The leftmost
curve in Figure 10 permits an estimate of 45 seconds.

Once ar. actual data entry task has been definz2d to support air
cargo terminal operations, perhaps a task involving entry of some
critical subset of shipping label data i{tems, then similar
distribution curves could be developed on the basis of field testing
to predict operator pertormance on the job., Such testing should be
conducted for the on-line terminal and for any other modes of data
entry considered as feasible alternatives for use on the truck dock.

THANSACTION TIMING

Data entry sequences considered at a finer level of detail are
couprised of the discrete transactions by which individual data
items are entered or reviewed For the two off-line modes of data
entry it was difficult to record the timing of separate
transactions, although observer nctes occasionally included timing
ltor different portions of a data entry sequence. For the on-line
terminal, however, the controlling computer was programmed to record
the time of every operator input, and so a subsequent analysis at
the transaction level could be undertaken.

There are several waysiof looking at the results of transaction
analysis. Table 3-14 lists the number of keystrokes and the time
required for different tra%sactions of data entry or review,
averaged over all load conditions experienced by users of the on-
line terminal. The keystroke count includes keying needed for
sequence control as well as for data entry, so that keying the six-
digit TAG, for example, required 7.0 strokes on the average (i.e.,
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Six digits plus ENTEH). These counts also include any .eying needed
for error correction, including BACKSPACE, so that some of the
averages are slightly higher than the minimum requirement: e.g., 2.1
rather than 2.0 for PRIORITY, 4.1 rather than 4.0 for POD. For the
"optional” items of RDD, PROJECT, FROM and CONSIGNEE, the average
xeystroke counts jincluded occasional entry of blank items and so
appear lower than the figures logically expecved. For TCN/INDEX the
average of 6.1 keystrokes includes frequent transactions of entering
a 2«3 stroke INDEX as well as entries of TCN which would require 15
strokes {(or more if errors were made and corrected).

The transaction timing figures in Table 3-14 are generally
related to the numoer of keystrokes involved, as one would expect.
It is clear that data review, with just one confirming keystroke per
iter, is faster than data entry, as discovered earlier in the
analysis of sequence timing. It should be noted, however, that
tnese tabulated transaction times actually represent the intervals
between one ENTER input and the next. JConsequently, the average
time figures include any time required for thinking, checking,
reading displayed prompts, etc., as well as keying time itself. The
mechanics of buttor pushing probably require no more than one second
per stroke. None of tne transaction times in Table 3-14 approach
tnat keying speed except for the entry of WT and CUBE which are toth
snort numeric items.

A different way to look at transaction records is shown in Table
3-15. Here, an analysis of data entry and data review transactions
is presented separately for test conditions involving different load
factors. (Tne "Other" category in this table represents the time
spent at that choice point in the control sequence offering optional
review of previously entered shipment data.) Instead of showing
average keying and time required per item, this table lists the
proportion of total keying or total time required to enter or review
each data item. These numbers were calculated directly from the
test records for each load type, and were not derived from the
overall averages in Table 3-1d,

When different data transactions are considered in terms of
their proportional demands, certain aspects of the data entry task
can be discerned more clearly. One can see, for example, how the
burden of tne job shifts from data review to data entry for loads
with a lower level of advance shipment information, and that this
snift is somewhat different for loads with different snipment-to-
piece ratios,
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Table 3-15

Proportion of Keystrokes and Time Required for Different Data Transactions
Using tne OUn-Line Terminal for Different Test Loads

Mean Number of . Percert of Total Percen: of Total
Iransactions Keying __ Time

Load Factors: HL HH LL LH HL HH LL LH HL HH LL LH

Lata entry
TCN/ INDEX 51 48 4o 48 26 21 19 15 32 34 30 27
RDD 33 25 13 7 Y 3 2 i 9 7 8 4
PROJECT 35 25 15 8 b 3 2 3 2 2 1
PRIURITY 28 10 10 ¥ 3 2 2 1 2 1t 1 0
FROM (Consignor) 31 16 12 6 9 5 5 2 8 4.5 2
TO (PUE) 0 0 0 0 0 0 0 0 o 0o 0 0
POD 28 10 9 4 6 3 3 2 5 3 3 2
CONSIGNER 30 17 10 6 7 4 4 2 7 4 3 2
PIECE 18 13 46 46 2 3 1 9 2 2 1 8
TOTAL 28 9 9 3 3 01 11 2 1 1
WY 42 26 47 u8 7 7 13 16 4 3 6 8
CUBE 41 25 47 48 5 5.9 1N 3 2 4 6
TAG 2 2 3 2 A I B o 1 1
DISP 49 49 49 48 13 19 20 24 10 12 12 17

Totals: 416 280 319 278 90 77 88 86 87 76 83 79

Data_Review
RDD 5 14 4 - o 1 0 1 1 2 1
PROJECT : 2 13 2 5 o 1 0 1 o 1 0 1
PRIVURITY 10 28 8 10 T2 1 6 2 0 1
FROM (Consignor) 8 22 6 8 o 2 0 1 1 2 1 1
TO (PUE) 37 37 17 14 2 3 1t 2 2 1
POD 10 28 7 11 0o 2 1 0o 1 o0 1
CONSIGNEE 7 21 71 8 0 2 1 1 2 1
PIECE 30 31 3 2 2 2 0 o 2 2 1 0
TOTAL 10 28 8 10 0o 2 1 1 0o 2 1
WT 7T 23 1 1 0o 2 0 o 0 t 0 o0
CUBE 7 23 1 1 0 2 0 o0 0o 1 0 o0
TAG 47 48 48 w7 3 4 4 4 4 5 5 7

Totals: 180 316 112 124 8 25 9 12 11 23 .1 15
Other 12 12 36 36 1 1 3 3 1 2 5 6

Overall Totals: 608 653 u67 438
Note: For load factors, HL inaicates a high S/P ratio (.75) and a

low level of advance shipment information (.25); LH indicates a
low S/P ratio (.25) and a high level of advance information

(.75); ete.
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At this detailed level of transaction analysis it i3 possible to
use the numbers in Table 3-15 to predict the effects on performance
time of reconfiguring the data entry task in different ways. As an
example, suppose tha% in the actual data entry job at the truck dock
it was nce necessary to enter or review the "optional®" data items of
RDD, PROJECT, FROM and CONSIGNEE. Suppose further that the TO (POE)
item could be omitted on the assumption that it would be the same
for all export cargo at a given air terminal. Suppose finally that
the identifying TAG on each piece of cargo did not have to be keyed
but instead could be "wanded" for automatic input from a machine-
readable label. From the numbers in Table 3-15 it can be estimated
that the net effect of all of these changes would be to reduce
keying by 15 to 28 percent, depending upon load factors, and the
time required for the job by 21 to 34 percent.

Examining the numbers in Table 3-15 it is evident that the
single most time consuming transaction in this job is entry of the
TCN or INDEX, which by itself required 27 to 34 percent of the total
time, depending on load factcrs. If the technique of indexing had
not been used to shortcut shipment identification, so that a full
TCN had to be entered for every piece of cargo, then this one type
of transaction would account for an even greater proportion of the
total data entry time. Tnis observation implies that the single
greatest contribution to increased efficiency of data entry on this
Jjob would be to make the TCN itself machine-readable, so that the
operator does not have to key it, but instead can input this long
symbol string by the easier method of "wanding" it. Perhaps the TCN
could be expanded to include a piece indicator, and this combined
identification used instead of the extra TAG postulated for each
plece of cargo simulacted in this initial test program. If so, the
hardest data entry transaction measured in this initial test program

might become the easiest at the truck dock.

DATA AVAILABILITY

If truck unloading could proceed without pause, with no rest
breaks fcr the work crew and assuming continuous availability of
forklift equipment to move heavy cargo, the time required might
average about one minute per piece. In actual operations at the
truck docks this estimated rate is seldom achieved, since a number
of practical problems can introduce periodic delays in the unloading
process. Accepting this postulated one-minute-per-piece average as
a desirable goal ronetheless, the results of this initial test
program look encouraging. In terms of session time, it was found
that all three data entry modes permitted data input at an overall
average rate of less than one minute per piece (Table 3-4).
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It is true that several aspects of test performance tend to
counter this encouraging result. For the most difficult test loads
(high S/P ratio, low advance information) data entry was somewhat
slower than one minute per piece on average (Table 3-5). Also, some
individual operators worked more slowly in early sessions even with
relatively easy test loads (Table 3-1). Furthermore, the timing of
data entry sequences indicates that the entry of complete data for a
new shipment always took longer than one minute for the on-line
terminal in this test situation (Figure 10) and so conceivably could
impose some delay on unloading at the truck dock.

In tnis initial test program, speed of data entry was measured
for a job which required the operators. to enter or review all items
from a shipping label at least once for each shipment. In actual
data entry operations at the truck dock, it is possible that the job
could be redefined to require entry only of some smaller subset of
critical items, as suggested above in the analysis of transaction
timing. If so, actual data entry performance would probably be
faster than that measured in this initial testing, and one data
entry operator working along in parallel with an unloading crew
should have little trouble keeping pace. If the data entry task
were reduced to a minimal set of data items, it would appear that
data handling need not slow cargo handling whichever mode of data

entry were to be used.

If data entry modes are effectively equivalent in providing
adequate speed of data entry at the truck dock, then other kinds of
measures are needed to determine which is the preferred mode. One
such measure, of course, would be accuracy of data entry, as
discussed in the next section of this report. Another measure which
may prove important in overall system operations is the availability
of entered data for further processing. The three input modes
examined in this initial test program imply considerable differences
in data availability. L

Data inputs made using an on-line terminal are immediately v
available for further processing. If a piece of cargo has been sent
froum the truck dock to a particular pallet pit or storage area. that
fact would be known immediately in the general data processing
system used to support air cargo terminal operations.

Data inputs entered via a digital recorder would not be
available for further processing until truck unloading is completed.
At that point, the digital tape record could be read into the
general computer system in a matter of only a few minutes. In the
meantime, however, the first pleces unloaded from a truck may wait
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at a pallet pit for an hour or more>before their data records are
trausmitted to the computer.

. For the checksheet mode of data entry, the potential de’

between data reccrding and data availability is longer still e
a tru~" has been unloaded, its . c.«sheet records must be
trans: bed into digital form be*ore they are available for computer
proce. 1g. That transcription j.oucc3s may be performed by skilled
operators working under relatively good conditions in a data
handii., center, but even assuming continuous availability of
personnel (probably unrealistic) this job would take time, perhaps
another 30 to 60 minutes per load. In follow-on testing at MITRE it
is planned to measure pwformance of operators entering checksheet
data into a computer, in order to permit better estimation ol just

how long that process would take.

The importance of delays in data availability can be evaluated
only in the context of a broader analysis of data handling and its
effects on air cargo terminal operations. It i3 recommended that
such a broader analysis of system performance be undertaken, with

emphasis on determining what are acceptable delays in data
availability following data entry at the truck dock. By comparing
performance requirements established in that analysis with
performance capabilities confirmed by testing, it should be possible
to decide under what circumstances the digital recorder and
checksheet modes can be used as effective alternatives to on-line

data entry.
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SECTION IV

RESULTS - ACCURACY OF DATA ENTRY

Fast data input can be considered useful only when data entries
are made accurately. If data entries are often wrong, or perhaps
ancidentally omitted, then the data entry task has been performed
poorly. Faulty data input can result from equipment malfunctioning /
or from operator error. whichever the cause, some modes of data /
entry may prove more accurate than others.

The question of equipment failure can be dealt with briefly.
The on-line terminal worked well throughout this initial test
program. nNo flaws in terminal or computer functioning were . \
detected. For the checksheet mode of data entry, there was no
equipment to malfunction. Sometimes pencils broke, but they were
replaced as needed. : . \

For the digital reccrder, however, some difficulties were
encountered in hardware functioning. In careful scrutiny of the
digital records produced by this data entry mode, a number of record
gaps wvere detected, which were caused by failures in "stepping™ the
magnetic tape cassette. Over the 24 test sessions, a total of U1t
tape gaps occurred, varying in size from just one character lost to
a sequence of several hundred missing characters. In the laboratory
setting, it was possible to retrieve the missing data by a time-
consuning process of manual re-keying from the parallel data record
produced by the paper strip printer on the digital recorder._ In any
actual data entry operation, such record gaps would be undetected
until too late to repair. These 41 tape gaps would have resulted in
complete data loss for 113 pieces, partial data loss for 13 more
pieces, and wrong data recorded for 10 pieces, out of the total of
1152 piece records entered.

Such data loss obviously represeiits an unacceptable hazard. If
digital recorders are considered for operational use, some means
must be found to ensure more reliable performance. In this initial
test program, most of the tape gaps occurred when using cassettes
which were in some way incompatible with the digital recorder. When
the manufacturer’s own cassettes were used, such gaps occurred only
rarely., It should be noted that several thousand similar ., ecorders
are being used commercially, apparently without serious problems.

The question of operator error is more complicated, and will be
discussed at length in the remainder of this section. The topiecs to
be considered include: the frequency and nature of format errors
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made by the test operators; errors of content in data entry; and
operator performance in the detection and correction of errors,
either errors made during data entry or errors in the pre-stored
advance shipment data.

FORMAT ERRORS

Suppose that an operator makes a mistake and transposes two
characters when entering a TCN. Such an error in content would
probably not be detectable in a data processing system. TFut suppose
that the operator forgets to enter any TCN at all, or en‘ers a TCN
with too few or perhaps too many characters. Such errors could be
detected in data processing because they violate rules which define
" the required data entry format.

For the on-line terminal, data processing follows immediately on
data entry, so that format errors cannot be made. Put more
accurately, when an error in format is made, it is detected by
whatever data validation procedures have been included in the on-
line computer software, and the nature of the error is signalled to
the operator so that he can correct it before proceeding to the next
item in tne data entry sequence. A format error can be made, but it
must be corrected before the data entry sequence can be continued.

Forwat errors are defined in terms of the data validation cirecks
which are applied. For the on-line terminal, data checks and
associated error messages used in this initial test program can be
determined from review of the control sequence outlined in Appendix
B. Other modes of data entry could involve other kinds of format
errors, as discussed below for the digital recorder.

When an on-line data entry sequence is fairly straightforward,
as in this test situation, the incidence of format errors will tend
to be low. Errors will occasionally be made, but since each one is
brought immediately to the operator’s attention he will learn to
avoid them, All transaction records generated while testing the on-
line terminal were analyzed to determine the frequency of format
errors, i.e., instances in which operators were required by the
computer to re-enter a data item. Only 59 format errors were found,
as summarized in Table 4-1.

That result should be considered in terms of the total data
entry job accomplished in this initial test program. Six operators
each worked in four sessions, entering data for U8 pieces per
session, with 3-14 data items per piece depending upon whether data
items are pre-stored for review or must be entered from the label.

72

LEARN A S P

A

e

DRI St

ERE - S

- b e ot AN LA o CAw A




Table 4-1
Data Format Errors in Use of the On-Line Terminal
Type of Format Error
Data Jtem g;gggl Too Short Too Long Qther TJotal

TCN/INDEX 2 19 0 1 (Note 2) 22

Other Items:

RDD -~ (Note 1) O 5 - 5
PROJECT - 0 0 - 0
PRIORITY 0 - - 5 (Note 3) 5
FROM (Consignor) - 7 3 - 10
TO (POE) 0 - - 0 0
pPOD 4 - - 0 y
CONSIGNEE - 0 1 - 1
PIECE 2 - - 0 2
TOTAL 1 - - 0 1
WwWT 2 - - 0 2
CUBE 1 - - 0 1
TAG 1 1 0 0 2
DISP .1 - 3 - 4

Totals: 14 27 12 6 59

Notes: 1. "-" indicates that no data check was made.
2. Attempted entry of an unassigned INDEX.

3. All five instances represent attempts to enter FROM
data when asked to enter PRIORITY.
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This represents an aggregate total of approximately 8000 data items
entered. Thus tne 59 format errors observed represent only a very
small proportion, less than one percent, of all data entries.

There are not enough format errors listed in Table u4-1 to reveal
any consistent pattern cof mistakes, except for the apparent tendency
to shorten rather than lengthen entry of the TCN. A 14-symbol TCH
constitutes a data string which exceeds the immediate memory span of
most people. Thus entry of the TCN requires glancing back and forth
from label to keypad. In the process, some symbols occasionally get
lost. .

For the digital recorder, the general situation is quite
different. There is no on-line computer to detect format errors of
the type described above. Such errors might be detected in |
subsequent computer processing of digital records, but they are
irretrievable in the sense that they could not then be corrected.

A more significant problem in use of the digital recorder is
that there is no on-line control of the data entry sequence. An on-
line terminal asks jits user for each data item, and thus the:
controlling computer "knows" what item is being entered. Tne user
of the digital recorder must remember to signal which data item he
is entering next, using whatever special indicator keys are provided
for tnat purpose. If he forgets to include that signal, or if he
makes a mistake and records the wrong signal, a correct data entry
may be lost or garbled in subsequent data processing of the digital
record, : :

Such format errors in signalling the sequence of data entry may
nave disastrous effects on the accuracy of data records. Simple
omission of a single key stroke could lose the complete data record
for a piece of cargo and produce wrong data entries for the
preceding piece. Care must be taken in equipment design, in
operator training, and in the logic used for analyzing digital
records, to reduce the likelihood of such format errors and minimize
their consequences insofar as possible.

Digital records generated during this initial test program were
scanned to determine the nature and frequency of format errors. A
total of 183 errors were detected, involving improper data entry
procedures of various different kinds. Of these 133 errors, 24 were
minor in nature and would have no consequences in subsequent data
processing. The remaining 159 format errors, using a
straightforward method for computer processing of the digital
records, would have the effect of losing all data for 76 pieces,
creating wrong data records for 85 pieces, adding false data records
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for 3 imaginary pieces, losing data for 98 miscellaneous items and
recording wrong data for 94 other items. A more detailed discussion
of format errors using the digital recorder is presented in Appendix
E to this report.

The computer software used to analyze digital records was
revised in various ways to try to make it "smart" enough to correct
some of tne more serious format errors. To consider one example,
occasionally a test operator using the digital recorder would forget
to key the special indicator when beginning to enter the TCN for a
new piece of cargo. The effect of that simple error in any
straightforward data analysis scheme would be to overlay subsequent
data entries as "corrections® to data items just entered for the
immediately preceding piece, thus storing a complete set of wrong
data for that piece and losing any record of the new piece. To try
to remedy this situation, the data analysis software was revised to
include a search for each piece to determine w<hether the entry of
disposition code (properly, the last data item) was directly
followed by a long string of symbols (assumed to be a new TCN) in
which case a TCN indicator was inserted before data analysis
continued. Otner kinds of format errors were corrected in other
ways. A description of various correction routines is included in
Appendix E.

Using this improved data analysis software, a number of format
errors in the digital records still remained uncorrected, and indeed
uncorrectable. The net result was 89 uncorrected format errors
(including 6 introduced by the "correction" routines) resulting in
complete data loss for 14 pieces, wrong data records for 21 pieces,
7 false records, and lost or wrong data for 131 other individual
data items. The effects of these residual format errors are listed
in greater detail in Table 4-2. It is obviocus that there are limits
to how well machine analysis can counteract operator error.

For the checksheet mode of data entry, analysis of accuracy
poses a problem. The data items written on a checksheet may contain
errors, and still further errors may be introduced in thne process of
transeribing written checksheet data into digital form. Data items
may have been recorded correctly but illegibly, as suggested by the
sample checksheets illustrated in Appendix D. For the checksheet
mode, any sensible analysis of accuracy must take into account such
potential problems of data transcription.

There is little point in looking at the checksheets and trying
to guess what the error rate of data transcription would be. That

must be measured empirically. A follow-on study is now being
designed to measure the speed and accuracy of data transcription
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Table 4-2

Consequences of Format Errors in Use of the
Digital Recorder

Number Number

Data Item Lost Wrong

TCN/ INDEX 14 piece records 21 piece records (Note 2)

Othor Items:
RDD 0 items (Note 3)
PROJECT y
PRIORITY 3
FROM (Cunsignor) 14
TO (POE) .2
POD 2
CONSIGNEE 4
PIECE 5
TOTAL 0
wT 5
CUBE 9
TAG 6
DISP 12

Totals: 66 other items 65 other items

Notes: 1. After ccmputer correction of digital records,
89 residual format errors remained, some of
which had multiple consequences.

2. 9 TCN's were too short as entered and 3 too long.
3. Lost or wrong data records caused by faulty
entry of TCN are not included in the remainder

of this tabulation, which represents the
effects of miscellaneous other format errors.
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from the checksneets generated in this initial test program, and
results of that study will be reported when available. Meanwhile,
in this analysis of initial test results no attempt has been made to
estimate the accuracy of checksheet records, either in terms of
format errors or errors in data content.

ERKRORS IN DATA CONTEWT

Some errors cannot be detected by discrepancies in data format
and cannot be attributed to faulty data entry procedures, but result
from other simpler kinds of mistakes. An operator may misread a
data item when transcribing from a shipping label, or he may see the
item correctly but hit a wrong key when entering the data. If his

*take does not invalidate the format of the item entered, the
-~ror cannot be detected by machine analysis. The operator may not
.o.ice a data item on the shipping lubel, perhaps a consignee code,
:~1 so negl-ct to enter it. If that item is not required by format
c. wentions, then its absence will not be noticed in any machine
analysis of tne data record. Errors of these kinds, which do not
v.~late format rules, are referred to here simply as errors in data
content.

To disccver such content errors in the data record is
potentially a difficult task. In this initial test program, the
technique used to identify content errors involved several steps.
First, a true record of all shipping label data was stored in the
DHAC computer. when testing was completed, the computer was
programmed to compare each digital data record actually input by an
operator with the true record for that test load. The results of
that comparison were then printed out with any discrepancies flagged
to call attention to them. These printed records were then scanned
to determine what content errors of different kinds had occurred and
what was their effect on the accuracy of the final data records-
produced during testing.

For the on-line terminal, the input data could be examined
directly in this fashion. For the digital recorder, it was
necessary first to process the data record through several screening
routines designed to compensate for certain format errors, as
described above and in Appendix E, before the final records could be
scanned for content errors., For the checksheet mode, the data had
not been entered in digital form, and so no such machine analysis of
content errors was feasible. As argued earlier, any sensible
analysis of checksheet errors must await a follow-on study in which
checksheet data are transcribed to digital form, and resulting .
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errors can be assessed to determine which should be attributed to
faulty data entry and which to mistakes in data transcription.

Insofar as errors in data content are concerned, the present
analysis permits comparisons only between the on-line terminal and
the digital recorder. A summary of content errors for these two
modes of data entry i3 presented in Table 4-3, showing the number of
errors made for different items on the shipping label. For the on-
line terminal, 102 content errors were noted, 34 involving wrong
entries for TCN or INDEX, plus 56 other items entered wrongly and 12
items omitted altogether. For the digital recorder, 134 content
errors were noted, distributed as shown in the table.

Errors of omission, resulting in missing items, must presumably
be attributed simply to inattentiveness on the part of the test
operators, momentary lapses in their generally effective level of
performance., It is only tne optional data items (PROJECT,
CONSIGNEE, etc.) which are included here. Omission of a required
data item was classified earlier as a format error rather than an
error in data content, since such omissions could Le detected in
subsequent processing of the data record.

Errors involving wrong data content may result from more
complicated causes. A categorization of such wrong entries is
presented in Table 4-4, The most common category, of course, is the
substitution error, in which one symbol is wrongly entered in place
of another. Substitution errors accounted for more than 80 percent
of wrong data content in both the on-line terminal and digital
recorder entry modes. ore than half of these substitution errors
involved confounding of @ (zero) and O (the letter), presumably a
perceptual problem. Many other substitution errors involve adjacent
numbers (1 for 2, 2 for 3, 7 for 8, etc.) or adjacent letters, which
may reflect keying errors.

Other types of errors producing wrong data can be identified:
transposition, whei*e two symbols are entered in reverse order;
omission, where a symbol has been lost in data entry; additions,
where an extra symbol has been entered; displacement, where one data
field is accidentally entered for another (e.g., CUBE instead of
DISP); etc. 3Such mistakes are quite infrequent for conscientious
operators, and are usually accepted as representing an inescapable
residual level of human error.

The contounding of @ and 0, however, is a common mistake which
is induced by tne circumstances of this data entry task. Host
shipping labels are typed or printed in such a way that those two
symbols look identical and can be distinguished only on the basis of
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Table 4-3

A Comparative Count of Errors in Data Conten.

Data Jtem
TCH/INDEX

Other Items:

RDD
PROJECT
PRIORITY
FROM (Consignor)
TO (POE)
POD
CONSIGNEE
PIECE
TOTAL

WT

CUBE

TAG

DISP

Totals:

Notes: 1.

On-line Terminal Digital Recorder
Missing Wrong Missing ¥Wrong
(Note 1) 34 (Note 2) - 28 (Note &)

1 &t OO
-

1 = O
-

{Note 3) - {Note 5)

[o ]
——
WN a2 NNON @ w O &0 0 =
—
(4]
-t
WELEINONMNANO O O

J
N

]
-—b

-—
n
C
o

27 107

"-" indicates items whose absence would be termed
a format error rather than an error.in data content.

Resulting in 2 piece records lost, 42 wrong.
Resulting in 2 piece records lost, 2 wrong.
Resulting in 4 piece records lost, 36 wrong.

Resulting in 5 piece records lost.
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Table 4-4

Error Categorization for Wrong Data Items

n-[ine Terminal Digital Recorder
ICN/INDEX Qther Jtems  ICN/INDEX Qther Ttems

Substitution errors 31 42 25 64

08/0 9 8 : 6 1"

0/0 13 7 - 13 25

Other 9 27 6 28
Transposition errors 1 0 2 3
Omissions (too short) - 5 - 3
Additions (too long) - 1 - 3
All other types 2 8 1 6

Totals: 34 756 28 19
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meager contextual clues, It is somewhat surprising to note that
none of the test operators ever asked for guidance in this regard,
perhaps having (unjustified) confidence that they could guess which
syubol was intended on the shipping label., But the consequences of
a wrong guess in any straightforward data processing system can be
severe if the wrong symbol has been entered in a TCN, as for example
keying DJ@B... for a shipment whose TCN actually begins DJOB.... In
this initial test program, such confusions of @ and 0 accounted for
41 wrongly input TCN's, which resulted in wrong data records for 54
pieces of cargo.

Fortunately, there are several potential solutions which could
entirely eliminate this particular type of error, or at least its
consequences, in the entry of TCN's. One possible solution would be
procedural, to require that all shipping labels be typed or printed
in such a way as to distinguish between @ and 0. Because of human
unreliability, that approach would probably be only partially
successful. Another procedural solution would be to enforce a ban
on the use of the letter 0 in TCN designators. That approaca looks
feasible but might be a bother to implement. Perhaps the best
solution is one which could be accomplished in the data processing
system itself. A screening routine could be devised to convert all
0°s into B’s (or vice versa) in any entered TCN before comparing it
with pre-stored TCN records which are converted in the same way for
purposes of comparison.® Thus whichever symbol had been ertered by
the operator, O or @, a match could be found. Some such approach as
this might well prove useful in actu.il MAC data handling operations.

Having alluded severa! times in the foregoing discussion to the
occurrence of operator error, ii may be worthwhile to examine tnat
question more apecifically. Individaal differences in accuracy
among the six test operators car be dis.erned in the summarized
results presented in Table 4-5. In this table, the numter of
content errors (of all kinds) made by each operator is shown for
each of the two data entry modes for which results have been
anaiyzed. For purposes of comparison, a similar count of format
errors made by users of the digital recorder is also included. (For
the on-line terminal no format errors were possible in the final
data records.) Statistically significant differences among
individual operators are confirmed with respect to errcr frequency
in all trree categories of error. All six test operators made some
errors, of course, but two of these operators (designated he. e D and
F) seem to have been more error-prone than the others.

# This solution was suggested at MITRE by Varren E. Anderson.
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Table 3-5 .
Differences in Accuracy among Test Operators \
\
On-Line Terminal Digital Recorder )
Test Content | éontent Format
Operatonr Errors _ Errors Errors
A 9 1 5
B 16 1" 9
c 1 ’ 10 15 \{
D 26 40 19 ¢
E 16 15 5
F 24 R 30 | | -
Totals: 702 ?EIT ._8_3— - lf
:
Individual o - i
Differ:nces ‘ ;
x2  13.6 o 61.9 - 33.9 - 771
p <.05 <.001 <.001 1
4
;fZ
‘\\
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It is interesting that the four "careful" operators made no more
errors of data content when using the digital recorder than when
working with the on-line terminal, whereas the two "careless"
operators made relatively more content errors witn the digital
recorder. In applying human engineering principles to the design
of equipment, it is sometimes argued that a device which is well
designed can be used better by more people and so tends to reduce
variability in individual performance. If that is a sound argument,
then the present results would suggest that it is the on-line
terminal which was the easier device to use in this test situation.
The test operators themselves generally concurred in this judgment
when making thier own explicit evaluations of the different data
entry modes, as discussed in Section V of this report.

Although a comparison between data entry modes has been
maintained throughout the preceding discussion of input accuracy, it
is probabiy useful to recapitulate the basic results here. Table i-
6 presents an overall summary of the frequency and consequences of
Jata enutry errors, including errors of data contont for the on-line
terminal, and errors of both content and format for the digital
recorder. In terms of data content, error rate was quite low with
consequences about the same for both devices, The primary
differance between these two data entry mcdes is the additional
damage to data records caused by format errors in using the digital
recorder, errors of the kind which were corrected under computer
guidance when tne same operators worked with the on-line terminal.

ERROR DETECTION AND CORRECTION

Throughout their data entry task, of course, the test operators
were awar:2 of the possibility of error and took steps to correct
those errors which were detected. The rrerators were in fact
successful in correcting many errors, both errors which they made
themselves during data entry and errors in pre-stored data which
they detected during review of advance shipment information. These
two categories of error correction are discusse. in the following
paragrapns.

Data Entry

Error correction was possible in all three data entry modes used
in this initial test program. In working with the checksheets, the
operators occasionally erased and re-wrote mistaken data entries.

In the other two modes of data entry, the operators used the
BACKSPACE capability and sometimes other procedures for correction
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Table 4-6

Consequences of Data Entry Errors Using On-Line Terminal
' and Digital Reccrder

Digital Recorder

Qn-Liné Terminal

Content

Errors
Number of errors 102
Piece records lost ' 4
Piece records wrong by

Other data items missing 12

Other data items wrong 56
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Errors
134
9
36
27

79

Format

Errors
83
14
21
66
65
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of entry errors, as discussed earlier in the analysis of transaction
keying presented in Section III of this report.

In terms of what can be learned, it does not seem worth the
effort to scan the off-line records produced by test operators,
looking for corrected entry errors, i.e., erasures on the
checksheets or special symbols of various kinds in the printed
outputs of the digital recorder. Such a scanning process would be
tedious and itself highly subject to error. For the on-line
terminal, however, it proved a relatively easy matter to program the
DHAC computer to scan its records of the interactive data entry
process and print out a machine analysis of which data items had
been corrected using wnat means. The results of that analysis are
summarized in Table 4-7,

It should be emphasized that the numbers in Table 4-7 count only
those data entry errors which were corrected by the operators
themselves, and do not include format errors which the operators
were required to correct by prompting from the on-line computer.
Altogether, 188 data entry errors were corrected spontaneously by
the operators. iost of tnese corrections (88 percent) were
accomplished using the BACKSPACE capability.

The relative frequency of error corrections for the various
different data items entered at the on-line terminal illustrates one
pattern of interest, namely, that more corrections were required
entering alphabetic or mixed alphanumeric items than entering simple
numeric items. A fair comparison in this regard might be that
between DISP (54 errors corrected) and WT (21 corrections). A N
similar pattern can be discerned in the distribution of uncorrected
errors shown previously in Table 4-3. Presumably the greater
difficulty of alphabetic entries is related to the double-keying
technique required to enter letters with this particular on-line
keypad. By comparison, straight numeric entrues are easier.

The overall frequency of error correction:using the on-line
terminal (188) compares favorably with the number of wrong entries
which went uncorrected (90), indicating conscientious effort by the
test operators to maintain accuracy in their data inputs. It is
probable that the same effort was also appliediby the operators when
working with the other two data entry modes.

Data Review
In addition to entering new data, the test operators were also

instructed to review all items of pre-stored shipment data and to
correct those items which were discrepant with the actual shipping
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Self Detection and Correction of Data Entry Errors
by Operators Using the On-Line Terminal

Data Item
TCN/INDEX

Other Items:

RDD
PROJECT
PRIORITY
FAROM (Consignor)
TG (POE)
POD
CONSIGNEE
PIECE
TOTAL

wT

CUBE

TAG

DISP

Totals:

Number of Data Errors Corrected Using

BACKSPACE ANCE BACKUP , /

Table 4-7

39 5 1
1
Y
2
9 ~
14 3 o
11 1
4
1 {
21 2
5 1
1 1
54 9 * )
— i
166 21 1 .
7
86 ™
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label information. All errors in the pre-stored data were either
known in advance or determined during subsequent analysis of data
records produced during testing. Operator inputs were compared
against the list of known errors in pre-stored data to determine
which errors had been detected and corrected. This comparison
process was performed with computer assistance for the digital data
records.,

Data review and correction procedures, of course, were
available to the test operators in all three data entry modes. For
the operators using checksheets, their error correction procedure
was to cross out wrong items of pre-stored data and write in the
correct item from the shipping label, and also to write in any items
missing from the pre-stored data. All checksheet records were
" scanned to determine how many of the known wrong and missing items
of pre-stored data were in fact corrected during the test sessions.
Thus for this particular aspect of performance, an analysis of
accuracy is available for the checksheet mode of data entry as well
as for the on-line terminal and digital recorder.

The results of this analysis are presented in Table 4-8. It can
be seen that detection and entry of missing items of pre-stored data
was quite good in all three modes of data entry, averaging 93
percent overall. Operator performance in noticing and correcting
wrong items of pre-stored data was quite good using the on-line
terminal (90 percent) but somewhat poorer in the digital recorder
and checksheet modes (53 and €7 percent, respectively). Chi-square
analysis of error detection frequency for wrong items of pre-stored
data confirms the statistical significance of this observed
difference in performance among the three input modes (%2=14.9;
p<.01).

.It seems apparent that it is easier to notice a missing item of
data than a wrong item. A missing item represents a blank in the
data record wherec there is not a blank on the shipping label. A&
wrong item, sn the other hand, may differ from its correct (label)
version by only one symbol, and so would be harder to notice. The
effectiveness of the on-line terminal in correcting wrong pre-stored
data can probably be attributed to its particular procedure of
displaying items one by one for review, thus focussing the
operator’s attention at least momentarily on each item. 1In the
other two modes of data entry, the operator had to scan the
checksheet printouts to review pre-stored data., Under those
circumstances, the operators’ self-adopted scanning procedures were
not so effective as that discipline imposed by the on-line computer.
The observer for the digital recorder mode did, in fact, note
several occasions in which data review useemed quite cursory.
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Data Entry Mode

On-Line Terminal
Digital Recorder

Checksheet

Téble 4-8§

Detection and Correction of Errors in Review
of Pre-Stored Data

Pre-Stored Data Items

Pre-Stored Data Items

Missing Wrong
: Not Not
Corrected (o :rected Corrected Corrected
22 1 38 y
17 2 16 14
27 2 28 14
88
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Perhaps it should be noted here that this superior detection of
wrong pre-stored data items using the on-line terminal was ot a
result of any sort of data validation checks applied by the
computer. All pre-stored data items were assumed to have passed
data screening proczadures before storage, so that no data checks
were applied during the review process unless a revision was made.
If a wrong item was confirmed as correct by tne operator, it was
retained in storage without any further cnecking by the sequence
control software. In this initial test program, detection of wrong
items in data review was the responsibility of tne man, not the
machine.

Correction of errors in pre-stored data was influenced in some
measure by the type of data item in which the error occurred.
Results to support that conclusion are summarized in Table 4-9. 1In
this tabulation it can be seen that failures to detect errors
occurred relatively more frequently for what have been termed
"optional" data items than for required data items. In this initial
test program, four data items were optional in the sense that
sometimes they were blank and no data entry was required: RDD,
PROJECT, FROM (consignor code), CONSIGNEE. These four data items
account fur most instances (75 percent) of failure to correct wrong
or missing pre-stored data. It seems likely that the test operators
habitually gave somewhat less attention to data items which did not
appear consistently in the data entry task sequence.

This observation suggests that to help ensure reliable
performance in ~ real data entry job, it would be wise to select
Just a subset of suipping data, a minimal number of items whose
entry would be required for every piece of cargo. This suggestion
for redesign of tne data entry job applies primarily to use of off-
line modes of data entry such as the digital recorder cr the
checksheet, where consistency of input is solely a responsibility of
the operator. For the on-line terminal, where the computer- -
generated control sequence is continuously available to guide its
user, the combination of man and machine can maintain performance
accuracy even when the task contains spcradic elements.

Correction of errors in pre-stored data, just like all other
aspects of performance, varied somewhat from one test operator to
another, Differences among operators in error detection/correction
are shown in Table 4-10, summed over all three data entry modes.
For wrong items of pre-stored data, correction rates ranged from 33
to 92 percent, for the "worst" and "“best" operators. Individual
differences illustrated in Table 4~10 se¢em to correspond roughly to
differences in error commission discussed earlier and summarized in
Table 4-5, indicating that each operator was fairly consistent in
his ability to maintain accuracy in these different aspects of job
performance.
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Table 4-9

Error Correction for Different Categories of Pre-Stored Data

Pre-Stored Data Items Pre~-Stored Data Items
Missing Wrong

Not Not

Data Item Corrected Corrected Corrected Corrected
RDD ’ 16 2 6 0
PROJECT 15 0 9 6
PRIORITY 3 0 7 . 2
FROM (Consignor) 2 1 17 7
TO (POE) - - 3 0
POD - - 9 k]
CONSIGNEE . 10 2 14 10
PIECE S 0 - -
TOTAL 5 0 - -
WT 5 0 9 3
CUBE 5 0 1

82 32

v

Totals: 66
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Table 4-10

Differences in Error Detection/Correction among Test Operators

Pre-Stored Data Items Pre-Stored Data Items
Missing Wrong
Test Not Not
Operator Corrected Corrected Corrected Corrected
A 16 2 17 4
B 12 0 22 3
c 14 1 13 7
D 11 2 13 7
Ev 7 0 12 1
¥ 6 0 5 10
Totals: _E;_v _—;— .;;_ _;;_
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SECTION V
RESULTS - OPERATOR EVALUATION

At the end of each day’s testing, the operators were asked to
record their evaluation of the data entry mode they had just used,
completing a questionnnaire designed for that purpose. At the
conclusion of all three days of testing, the operators were asked to
compare the three data entry modes directly, completing another
questioniaire. The results of these operator evaluations are
presented in this section.

MODE EVALUATION

The exact questionnaire format used for the evaluation of data
entry modes at the end of each day is illustrated in Appendix F to
this report. The questionnaire szequence will be followed here in
reporting operator evaluation.

eneral Comment

The first question asked the operators to record their general
reaction, to discover which aspects of their experience seemed most

notable to them:

After a day’s experience using this particular input mode to
enter shipping data, what is your general reaction? Which
aspects of the job go well, and which poorly? What advantages
does this data input mode provide? What disadvantages?

Operator responses are presented here verbatim for the three data
entry modes. S L :

On-Line Terminal

Operator A. "I 1like this system better. It is simple and would be
a great help. It helps in keeping information straight and it is
very easy to correct your mistakes. You don’t have any equipment to
get in your way except may be one small cord. It is a fast and very

efficient system."

Operator B. "This is the best out of the three systems we tested.
It is an excellent system for checking your mistakes. It could be
used also when building up pallets of cargo. This system would
eliminate a lot of paperwork. It is a comfortable machine to work
with and it is easy to learn how to use it."
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Operator C. "I think this little machine will speed the rrocessing
up and make the cargo move faster through the system. I think in my
opinion that there wasn’t any bad aspects towards the machine. The
good aspects that I could see was it speeds up the system about
twice as fast." :

Operator D. "The on-line terminal device was a very good handling
device but the device get’s right warm in the palm of your hand,
other than that I like it the best."

Operator E. "My general reaction is that the On Line Terminal is
fantastic makes the job much quicker. It would cut down paper work
to a dragstic measure it would allow the cargo to be moved faster no
need to wait for the Matco men for wright up. In my opinion there
are no disadvantages."

Operator F. "One disadvantage is that it gets hot. Correcting
prestored deia wasn’t too good."

Digital Recorder

Operator A. "This device did not impress me to much. I would say
it is the most complicated of the three we tested. One of the
disadvantages is that you would have to carry the whole machine with
you or have a desk where you can operate it frem. If you did this
it would mean one less man on a crew for physical work."

Operator B. "This mode becomes easier as you do it more. The more
advanced documentation you have the easier it would be. It is much
quicker using this machine than having to go running through a lot
cf different bills. If this was to be used it would need to te used
in all areas of the freight system. 1if not then I can’t really see
what it would eliminate as far as checking a truck off."

Operator C. "I think this mode would be better if you didn’t have
to carry all of it with when you were working. I think it would be
good because you could always go back to the tapes if you ever had
any trouble. This mode provides faster movement of cargo."

Operator D. "Your hand gets tired from holding it. C(ther than that
I liked it."

Operator E. "My reuction as before with the other modes is the same
with the digital recorder. All aspects of tne job go well, It
allows the paner work two be written up much faster then the one
presently being used.”
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Operator F. "I see no disadvantages other than it size and it
advantages is speed."

Checksheet

Opec~ater A, "It is an easy method to learn and use. No one should
hava any trouble with this method. I really couldn’t judge on the
acvantages and disadvantages of this type of system. Over all it is
a very simple system."

Operator B. "As in all modes of input, the more advanced
information you have the easier it is. It is pretty easy to check
for mistakes this way. The biggest advantage is that all your work
would be combined in one checksheet rather than with a lot of
different bills. It doesn’t get in your way. A person would have
no worries about damaging a piece ol expensive equipment."

Operator C. "I think this checksheet is good but I don’t think it
would be as good as the other two machines. The way it is layzd out
makes is go well and fast. The advantages is that is makes the
systea easyer and quicker."

.Operator D. "I had a little trouble finding some of the numbers but
I liked the checksheet as it was. The trouble I had was with the 8
the line through the zero .s what gave me the trouble. At a quick
glance it looked like an 8 not a zero."

Operator E. "Again this method used in my opinion is faster aad
better than the one presently being used. It would allow all

personnel to be used instead of Matco write ups. It also again very
%}mple to be trained on 10 minutes.®

Operator ¥. "To much paper work, other thar that it works well."

What conclusions can be drawn from these comments? The general
response seem@ favorable to all three modes. Several drawbacks are
cited, but these are usually characterized as minor in comparison
with the recogrnized advantages of each data entry technique. It is
evident that as the operators used different modes of data entry,
from day to day, they began to draw comparisons between one mode and
another. 1In that process, the on-line termin:l seems the mode
regarded most favorably.

Qverall Rating

The rext question asked the operators to rate thelir overali‘
evaluation of the data entry mode:
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Check one of the boxes on the right

ad 1
to indicate your overall evaluation g 3 8
of this input mode for the task of o S
entering shipment data. 9181 ¢ =] 8
G131 €| &1 2] Mean
: Rating
On-Line Terminal (OT) |6 4.0
Digital Recorder (DR) |1 | 2 2.7
Checksheet (CS) 1 4 1 3.0

This tabulation shows the number of operators whc chose each
rating., The on-line terainal i5 confirmed as the most popular mode,
with a-unanimous "excellent™ rating. If a numeric value of 4 is
assigned for each "excel.ent" rating, 3 for "good", 2 for
"adequate”, 1 for "fair", and 0 for "poor", then an average numeric
rating for each input mod2 -an be derived: 4.0 for the on-lire
terminal, 2.7 for the digital recorder, and 3.0 for 'bhe checksheet.
These derived numeric ratings are included here and in subsequent
tabulations.

Specific Performaice Ratings

The next gquestion asked the operators to rate specific aspects
of task performance: '

Check t¢ iruicate your'evaluacion
of this input mode in performing

specific ¢spects of the data eatry g e §

job. : - R

- 3~

A EFAEE
o8 |g|mle | Mean
. R R R
Entering the TCN designator...ceeeevesesas 0T[5 1 3.8
DRy 1|4 |1 3.0
CSt11]3 2.8
Entering general shipment data......eee...0T] 41 2 3.7
DR 2731 3.2
cslataj 3.2
Reviewing pre-stored shipment data........CT]| € 4.0
DR}l2]1121|1 2.7
¢stal2jfe 3.0
Entering specific piece data....ecevaveesOT | € 4,0
Di |22 ]2 3.0
C3j3laln 3.3
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2 B~ T 1

$(819[=]|8| Mean
W S <€ fm [ poyip
Detecting errors in pre-stored data.......0T |4} 1| 1 3.5
DRJ2] 2] 1 1 2.7
csja2l 4 3.3
Correcting errors made during data entry..0T |51 1 3.8
DR} 1 Uy 1 3.0
. csl2) o4 3.3

The on-lire terminal is rated comparatively well in all aspects
except detect.ion of errors in advance (pre-stored) shipment data. . |
The test operators, of course, did not have available to them the
performance results described earlier in this report which confirmed
that the on-line terminal was clearly the best mode in terms of
detecting wrong items of pre-stored data.

if the ratings listed above for specific aspects of performance
are averaged, the resulting aggregate ratings again confirm a
preference for the on-line terminal (3.8) in comparison with the
digital recorder (2.9) and the checksheet (3.2). These derived
- aggregates correspond closely to the overall ratings assigned by the
test operators in the previous question, and indicate a reasonable
cons.stency in operator responses.

Comments ¢gn Learning/Training

Next, the operators were asked for comments on learning to use
the data entry mode they had just experienced:

What are your general impressions of your experience in learning

how to use this input mode? Which aspects were difficult? How
could your training have 2&3" improved?

Qn-Liﬁe Terminal

Cperator A. "Over all it is the best system I have seen yet. There
are know aspects which are difficult.”
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gperator B, "It isn’t a difficult mode of input to learn. Anycne
coauid learn to use {t in & day’s experience.”

Jperator ¢, "What really impressed me was the way you could always
g0 back to something and refer to it and save time by that.™

wperator D, "The device wasn’'t to hard to learn how to use and I
nad a little difficulty hitting the correct button, 1 don’'t think
that my training couid have been improvoed."

Gperator E.  "There were no difficult aspects of learning how to
operate. It just takes about ten minutes to learn and get use to
it. The training period was conducted in an excellent fasfon."

Cperator F. "It wa3s easy”

pigital pecorder

Operator A. "My impression is that it would be unpracticle in my
field of work. Over all it is easy to operate and doesn’t take long
to learn how to operate it."

Operator B. "It takes time to get used to it. Nothing was very
difficult, It is easy to learn hcw to use it, The best way to
train someone on this machine is the way 1 learned. You can learn
more quickly by doing it first hand and learning by your mistakes."

Operator C. "I thought it was difficult to learn the key board
because of 80 many kvys. I it is better for a guy to have someone
tell him what the keys are for then more less learn on his own just
-1ike did I think-that is the best way of training someone."

Operator D. "I thought it was very easy at the end of it but I did
have some trouble getting use to it."

Operator E. ™There were no difficulty in learning total training
time was fantastic. So was the training."

Operator F. "it was easy to learn”
Cnecksheet

Operator A. "My impression is that this is a quick and easy input
mode.,"

Operator B, "It was easy for me because I work with boxes with
these labels all the time. - I'm used to looking at all the writing
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and 1 can check it fairly easy. Someone who i3 inexperienced would
have a more difficuit time at first, As in anything, the more you
do it the easier it gels. "

Operator C. "It was very easy to learn how to use. I didn’t find
any that were difficult. I thingk training was good."

Operator D. "Tte only aiffjculty 1 had was look at a quick glance
the nusbers were a little close."

Operator T, "It was very simple to learn how to use this specific
input mode. The tralning again was conducted superbly."

Operator F. "it was easy to learn and use"

The generally positive comments reported here probably reflect
several factors - the high morale of the operator groups, their
pride in accomplishuent, and a desire to compliment the MITRE
observers who had provides their training and guidance.

atin earnin ase
The next Guestion :sked the operators to rate ease cf learning:
-
—
Indicate your eva..aation of this 2
input mode in term: of how easy o -
it {8 for a beginner to learn to 3 “
use ft. K] a
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Rating
o7} 1 51 3.7
DR 51 4.0
o 1 AJ 5i 3.8

It may be seen here that few of the operators were willing to
admit any learning difficulty, even when some specific difficulties
were noted in their previous comments, It is interesting that no
poor ratings were given the digital recorder, which in the opinion
of MITRE observers was in fact a d'fficult data entry mode to learn.
Presumably the operators themselves remained largely unaware of
their frequent format errors in using that device, errors which
reflected in some degree a fuilure to learn skilled performance, as
well as simple lapses of attention.
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The nigh interest rating fcr the on-line terminal probably
reflects; a "pinball” effect - the novelty of this initial exposure
of tne operatora to direct interacticn with a computer. 8y
centrast, the simple paper shuffling of the checksheet mode was
rated the least interesting; and the digital recorder, an
unresponsive device, received an intermediate interest rating.

Ferformance Rating

Tne next quer .icn asked the operators to rate their performance,
as a consistency check on similar ratings made ealier:

Censidering speed and accuracy of data
processing, and any other factors you

think important, how would you ra%e your = | w9
o R
performance using this input modn? - o |
— 3~
0‘80"&4“
o Q i~ | Q
S8 (2|2 (&) Mean
Rating
OT}]1]5 3.2
DR{1V[2]3 2.7
cs 213 2.7

Again, the on-line terminal received more favorablc ratings. It
may be nolted that the performance ratings here seem somewhat lower
tnan ratings given in response to similar questions earlier in the
questionnalre., The key is probably the qualifier "your
performance”, The operators may have been influenced by
considerations of modesty in rating their own performance of the
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data entry task, in contrast to earlier questions which were phrased
to request a more detached rating of mode capability,

Equipment Kating

The next question asked the opeiators to evaluate the equipment
used, i{.e., the physical implementation of each mode:

How would you rate the physical

eguipment used in this input mode? e o B,
] o 'e
- ® e
- 3~
] -8 [~ TR
12 |19 1s(8
w O 3 [29  -W Mean
Rating
oT| 33 ] 3.5
DR{ 3|2 $1 3.2
csirlr iy 2.5

Again there {s the suggestion of a "pinball” effect, with higher
ratings given the two data entry modes actually involving hardware
devices. That is to say, it is probable that the operators were
influenced by the novelty of equipment used, rather than the
adequacy of mode implementation considered in relation to task
requirements.

Qther Comments

A final question gave the operators a chance to note any further
observations on topics not already covered in the questionnaire:

What other comments can you make concerning the equipment; or
any other aspect of the test situation?

On-l.ine Terminal

Operator A. "I think it is a very good system.”

Operator B. "This mode seems excellent to me. I would highly
recommend it’s use in any freight terminal."

Operator C. "It is a very modern and fast way to get the job done."
Operator D. {None}

Operator E. "The heat emitted by hand commuter can be cut down
some. But overall I am amased with this equipment."
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vperator F. "Try to cool it down it gets to hot in your hand."

Digital Recorder

Uperator A. {None}

Uperator B. "It wouldn’t take any great length of time in teaching
someone to use this machine. It would be easier than trying to
train scmeone all the different types of paperwork there is."

Operator C. "I think in my own opinion that this should be looked
into farther in maki.ag the machines more compack." ’

Operator D, "I think it would be easay if the handheld device were
placed on a stand for when you are sitting down."

Operator E. "The handle on this mode should be made bigger."

Jperator F. "Make it smaller."

checkaheet

Operator A. {None}

Operator B, "The good thing about this mode is that the checkers
won't have any expensive piece of equipment with them and it
wouldn’t get in their way or get dawaged. Also, everything is Just
copied off the label which makes it easier. All the paperwork can
be kept on one clipboard." .

Operator C. (None}
Operator D. {None}
Operator E. {None}
Operator F. "I nate it, too much paper work."

Because of the way in which this question was worded, and
because it followed immediately the question asking for equipment
rating, most of the additional comments elicited had to do with
matters of hardware design. Some operators offered no final

comments, as noted, which suggests that they felt their evaluation
had already been covered adequately in previous questions,
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MODE COMPARISON

The exact questionnaire format used for the direct comparison cf
"all three data entry modes is illustrated in Appendix F to this
report. The gquestionnaire sequence will be followed here in
roporting the cperators’ comparative evaluation of modes.’

Perfurmance “cmparicon

The first question asked the operators for ratings of ten
different aspects of task performance, on a scale from 0 to 100,
comparing tne three data entry modea. Mean ratings are presented in
Table 5-1, which follows closely the questionnaire format.

Table 5«1

Mean Ratings for Different Aspects of Task Performance
in Comparing Data Eniry Modes

On-Line Digital

Performance jspect : Jerminal BRecorder Checksheet
Entering the TCN designator 93 72 76
Entering general shipment data _ 35 78 78
Reviewing pre-stored sihipment data - 96 | 68 B -
Entering specific piece data - 93 83 » 78
Detecting errors in pre-stored data T4 7 67“7777;” '?Q
Correcting errors made during data entry 93 88 82
Ease of learning to use input mode 95 87 ~ 90
Interest in data entry job : 95 84 8s
Performance level achieved in one day’s use 90 88 88
Physical equipment used with this input mode 98 73 69
Overall Mean 92 | 79 | “80

As one might expect, these comparative ratings are quite similar
to those made by the operators when evaluating the data entry modes
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separately., A preduct moment correlation between these 30 mean
r-%ings and the Jderived mean values of corresponding ratings made in
the separate mode evaluation i{s statistically significant (r=z.6%,
p<.005), tndicating consistency in operator judgement. Again a

. preference for the on-line terminal is apparent, although all three
data entry modes are rated well.

Fractical Ysetulness

The next question asked the operators to assess the practical
usefulness of the three data entry modes:

Considering your overall experience, do you helieve any of the
three input modes tested here could be used effectively in the
actual work situation at the truck docks? If YES, which modes
do you think could be used?

All six operators indicated that the on-line terminal could be
used on the truck dock. Only two operators considered the digital
‘recorder acceptable for use on the job. Three of the operators
Judged the checksheet an acceptable data entry technique. This
pattern of response is clearly consistent with the performance
ratings reported abocve, confirming a preference for the on-line
.terminal,

.Operator Characteristics

The next question asked the operators their opinion as to what
kind of man would be best suited to the data entry job:

Suppose that one of your unloading crew must be responsible for
entering shipment data in the actual work situation, using
whatever input mode is available. How would you choose which
man should be responsible for this data entry job? what
characteristics should he have to handle the job well?

Operator A. "More than likely rank or say one has a light duty
excuse or is driving a fork 1lift. It reall doesn’t matter any one
could handle the job. Some one who is not childish and would use
the insturment as a tool and not a toy."

Operator B. "Mostly a person who would be conscious of what he is
doing. Someone who could do it fairly easy and with as few mistakes
as possible."

Operator C. "He should oe trained on how the input mode operates.
1 would choose the man that is interested the most."
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Jperator . "Tne marn who check '3 tne truck should be the persocn who
uses the input zode, Each mode were not tc difficult to learn so
any person shoull be able to use them."

yperater £, "He must first be responsible enough to handle the
machine and willing to check and recheck all data that he has and
put in that wnicnh he does not have."

Operator F, %he would have tc be awake"

The purpose of this question was to elicit some reflection of
tnhe cperators’ view of the reqiirements of the data entry job. It
seems apparen. that they regard the data handling job as important,
one requiring responsible performance and careful attention to
detail,

Job Satisfaction

| The next question asked the operators to indicate whether this
is the sort of job they would like to do:

1

! Considering your experience over several days of testing, how
. willing would you be to handie such a data entry job in your
: real worx situation?

Interesting job, glad to do it...eivennesenee B

Tough job, do it if I had tO..evecrncvncsoooe

Share the job with others, do it sometimes..._3_

Would prefer not to do it...cveeennnesccancon

Definitely not the job for me...cieseeveoosso

Five operators indicated that the data entry task was
sufficiently interesting that they would be willing to do it in
their actual work setting, although two of these operators also
checked the "sharing" alternative. The sixth operator indicated
that he would prefer to share such a job with others. These
positive responses probably reflect the generally high morale
induced by the test environment, A more extended program of field
testing would be required to confirm acceptability of the data entry
task as a real ,o0.
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Cther Comments

A final question gave the operators a chance to volunteer any
iast words on the subject:

Whatever further comments you can make concerning the data entry
job, the variecus input modes, and the test procedures will be
most welcome, '

Operator A. ({None}

Operator B. "The on-line :erminal would make a lot of people more
interested in the job. It is much better tan using pencils and
paperwork, which becomes boringz very easy."

‘Operator C. "I think in my own opinion that the input mode I would
like to work with most is the online terminal.,"

Operator D. {None} .

Operator E. "The handle on the digital recorder should have a
larger handle. And the on line terminal should be able to be stored
by haveing it able to hook apart or together some where along the
caple thus preventing unnecessary damage."

Operator F. {None}

‘hen Lhe operators had completed this final questionnaire, they
were asked to participate in a short debriefing session vhere an
attempt was made to elicit any additional comments and to clarify if
necessary their written evaluations. In particular, each group of
operators was asked to explain their stated preference for the on-
line terminal in face of tne fact that on each day of testing they
had all seen the man using the manual checksheets finish first.
Tneir comuwents in response to this challenge resiated the theme
apparent in their questionnaire answers, namely that the checksheet
mode involves too much paper shuffling.

It may be inferred, although the idea was never made explicit by
the operators themselves, that shuffling paper impuses a continuous
burden of attention.  That is to say, in completing a checksheet the
operator must decide everything for himself and keep careful track
of what he is doing. 1In using the on-line terminal, the computer
can provide much of this guidance, and the operator can simply
accomplish tne data entry sequence as a series of simple
transactions requiring less continuous concentration of his
attention.
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SECTION VI

RECOMMENDATIONS

The overall results of this initial test program look
encouraging. Test operators were able to achieve generally good
levels of performance with all three data entry modes, with no prior
training in data handling procedures. The operators themselves were
unanimous in recommending the on-line terminal for actual use in
trick dock data entry, and several operators recommended the digital
recorder and checksheet for potential use at the truck cdock, as
documented in Section V of this report. Cn the basis of the
positive results of this initial testing, it is appropriate here to
consider what are the next steps to take toward eventual
implementation of improved data handiing in the air transport
system. .

Although many questions can be explored in laboratory testing of
tne kind described in this report, final recommendations for system
implementation can be made with confidence only after prototype data
handling methods have been tested under operational conditions. It
is recommended, therefore, that the on-line terminal undergo field
testing at a MAC truck dock to assess its usefulness for the data
entry task. A proposed plan for such field testing is currently
being developed and will be reported later this year.

in this initial test program the on-line terminal permitted
adequate speed of data entry for all but the most difficult test
loads. In field testing the on-line terminal, the time required for
data entry using this device could be decreased in several ways.
First, the actual data entry job should be analyzed to determine
Just what is the minimum set of data items which must be entered in
the real job, presumably some subset of the items used in initial
testing. Second, some means should be found to create a machine-
readable tag to be affixed to eacrh piece of cargo unloaded at the
truck dock, combining the TCN shipment identification with an
additional code for each separate piece within a shipment. Both of
these recommendations were discuased earlier in Section III of this

report.

Accuracy of data entry using the on-line terminal can be
improved over the levels achieved in this initial test progranm.
Given a definition of the actual data entry job to be accomplished,
the computer software for sequence contro) of the on-line terminal
should be redesigned prior to field testing, to incorporate the
specific improvements recommended in Appendix B to this report.
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Computer processing of data inputs should include special roucines
to avouid contounding of O and @ in keyed entries for TCN, as ’
recommended in Section IV. If any significant portion of the actual
Jjob includes items available as advance shipment data, then
provision should be made "~ field testing to permit optional data
review as well as data eutry, as recommended in Sections IILI and 1V,
since dJdata review proved both fast and accurate in this initial
testing.

With regard to the digital recorder, the picture is gomeshat
different, Tnis mode of data entry permitted adequate speed in
initial testing, but the absence of on-line sequence control placed
higher demands on the test operators, some of whom were not able to
maintain a high level of accuracy. A general account of this
problem was prov-.ded in Section IV of this report, and a more
detailed analysis of factors contributing to format errors is
provided in Appendix E. The Jligital recorder cannot be recommended
for field testing unless changes are made in its keyboard design anc
data entry procedures. : ‘

One poscible approach to improving performance using the digital
recorder would be to redesign its keyboard, following the
recommendations presented in Appendix C, to simplify the logic of
data inputs. If such a keyboard redesign is undertaken, it should
be optimized for the actual data entry task to be performed at the
truck dock. Tnen the improved kKeyboard and data recording
procedures snould be evaluated in further laboratory tests to
confirm acceptable accuracy of data inputs before the digital
recorder can be recommended for truck dock use.

There is another possible approach to improving off-line digital
data recording which has not been discussed elsewhere in this
report. One might recontigure the Termiflex keypad/display device
s0 that it could be used "off-line" to store data inputs on disk
under control of a local microcomputer, Such disk records could be
read into the primary data processing system at any convenient Lime
rather than requiring piece-by-plece interaction with an on-line.
terninal. But the microcomputer could provide sequence control
assistance, with displayed prompts to the oprrator on an immediate
basis as needed, thus compensating tor the major deficiency ‘n the
digital recorder. Use of the same Termiflex device for data input,
either on-line or off-line, would nelp ensure reliable operator
performance in his job, and hence increase the credibility of cff-
line recording as a potential|backup to on-iine data entry.

Furtner analysis is needed to estimate tue comparative cost and
the expected performance capabilities which could be achieved by
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redesigning the digital recorder or by reconfiguring a Termiflex for
off-line use. Depending upon the results of that analysis, one or
the other approach may eventually be recommended for field testing
as a backup alternative to the on-line terminal, for potential use
in work settings where on-line data processing is not available.

With regard to the checksheet, several significant questions
remain unanswered. In this initial test program, the checksheet was
demonstrated to be the fastest mode of data entry for potential use
at the truck dock. But no measures are yet available for the
accuracy of data entry using this mode, as discussed in Section IV
of this report. A program of follow-on testing should be undertaken
to determine how well the checksheet records generated in this
initial test program can be transcribed into digital form, both in
terms of the time required and the accuracy of the final digital

records,

Such folliow-on testing will soon begin at MITRE. Clerical
personnel will work at on-line display stations using a keyboard to
enter data from handwritten checksheets. Results of that follow-on
test program will be reported as available.

Whatever the results in terms of data accuracy, it seems certain
that both these metvhods of data transcription would involve
significant delays in effective data availability subsequent to
cargo unloading at the truck dock, as discussed in Section III of
tnis report. It is recomnmended that a broader analysis of system
requirements be undertaken to determine the impact of delays in data
availability resulting from suct transcription processes. Such an
analysis may eventually disqualify the checksheet as a useful
alternative to other modes of data entry at the truck dock.

|

Pending the results or sich analysis, and the results of
follow-on testing of transceription speed and accuracy, it would be
premature to recommend the checksheet for field testing at this
time. The checksheet was the least preferred mode of the operators
in this initial test program, as discussed in Section V, and aome
significant evidence of its effeéctiveness must be confirmed in
follow-cn testing before checksheets could be recommended as a
backup for on-line or off-line Key entry in operational use.
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APPENDIX A

KEY ENTRY DEVICES

In this initial test program, the Termiflex on-line terminal and
the Source 2001 digital recorder were selected simply on the basis
of tneir convenient availability in MITRE's Data Handling
Applications Center., Perhaps other equipment would have served
equally well for test purposes. The particular devices tested here
should each be considered as representative of a broader class of
commercially available equipment. Neither device was especially
designed for MAC air cargo dats handling, but both have found
successful application in similar record keeping tasks. The
following paragraphs provide a more complete description of the
capabilities of these devices than was presented in the body of this
report. The information was derived from technical bdrochures
publisned by the respective manufacturers.

TERMIFLEX HT/2

The on-line terminal tested here is designated the Termiflex
HT/2 by its manufactirer, Termiflex Corporation, 17 Airport Road,
Nashua, New Hampshire 03060. The HT/2 is connected to the DHAC NOVA
computer via an early version of the manufacturer’s PS/1A power
supply. The HT/2 is also designed for use in conjunction with an
acoustic coupler, power supply. and carrying case, designated the
TC/1 Termicoupler.

Dimensions of the handheld terminal are approximately 5 x 11 x
18 cm. Dimensions of the power supply are 8 x 12 x 24 cm. The
terminal weighs approximately 0.7 kg (1,5 1b). The power supply

weighs 2.7 kg.

Power requirement for the HT/2 terminal is 15 watts (+5V @ 2A,
-5V € .34, +12V @ .1A, -12V @ .1A, and -9V @ .2A). ‘The PS/1A power
supply operates with 105 to 130VAC, 50/60 Hz € 0.5A. It is
interfaced directly to the NOVA with an RS232C interface, usually
operated at 120 characters per second.

Communication speed from the terminal is selectable at 10, 15,
30 or 120 characters per second. Selectable parameters include line

adjust; oad, even, mark or space parity; half or full duplex
transmission; and choice of either upper or lower case characters
for normal transmission.
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Tne dT/2 provides a two-line display of 10 characters each,
permitting full alphanumerics wWith both upper and lower case.
Character size is about 5 x 7 mm formed by a 5 x 7 LED dot matrix
refreshed more than BC lines per second. The display includes an’
incoming data indication, and alternative cursor symbols indicating
next character position, case, control mode, special shift
operation, and clear to send.

The HT/2 keyboard, illustrated in Figure 3, includes a 2Q-key
pad on the face, plus three special shift keys on its right side,
permitting generation of all 128 ASCII characters plus break. The
«eyboard features multi-key lockout, and lock/unlock for case. As
used in tnis initial testing, some of the special control keys,
shown in the left column and bottom row of Figure 3, were
interpreted by on-line computer software as signalling various
different special functions required in the data entry sequence, ag
deseribed more fully in Appendix B to this report.

The HT/2 features a control switch for line/off/local operation,
an audible "pell" code, and audible indication of improper keyboard
operation. The HT/2 also includes a 1000-character memory which
permits scrolling to view previous displays, controlled by a
thumbwheel on the left side of the terminal. This scroll memory
capability was not used in initial testing, and probably would not
be needed for actual data entry at the MAC truck docks.

Current Termiflex equipment specifications state that it will
operate over a temperature range of 0® to 50°C (32° to 120°F), under
relative humidities ranging from 5 to 95 percent. This equipment is
listed under Government Services Administration Contract GS-00C-~
00510, witn current price of tne HT/2 set at $1570, the TC/1 priced

at 3$58u, and the PS/1A at $160 for single unit purchases. - o

SOURCE 2001

The digital recorder tested nere is designated the Source 200!
Portable Data Terminal by its manufacturer, M3I Data Corporation,
1381 Fischer Avenue, Costa Mesa, California 92627. To transmit
recorded data by telephone, the Source 200! is plugged into another
device, the Source 2300 Communication Module, which permits acuustic
coupling tc a telephone handset. Transmission speed is 1200 bits
per second, but allows effectively 40 characters per second to be
transmitted.

Dimensions of tne 3ource 2001 recorder are approximately ¢ x 18
x 26 cm. The recorder weighs 3.6 kg (8 1b) {necluding a self-
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contained battery pack and an optional strip printer. Power is
supplied by a rechargeable 12,5V nickel cadmium battery, or the
recorder can be Jperated from a standard 110V AC power source.

The recorder is designed using solid-state integrated clrcuits,
with erase and read/write recording heads, and single-track, digital
self-timing recording. Data are recorded in ASCII code on a
removable tape cassette (Phillips type). Cassette capacity is
50,000 characters per side, which far exceeds what would be required
even for a large truck load of cargo. Playback speed is 15
characters per second.

Functional controls for the recorder include record, rewind,
play, and off. Operator and equipment errors are signalled by a red
light, an audibdle tone, and keyboard lockout.

The optional strip printer uses 36 meter (120 ft) rolls of 8 mm
pressure-sensitive paper tape. A dot matrix print method is used,
producing a character height of about 6 mm. Functional controls for
the printer include on/off, forward/reverse scan, and step. An
alternative option for the Source 2001, not available on the device
tested here, is an LED display.

Tne keyboard usually provided with the Source 2001 contains Kkeys
only for digits 0-9, +, -, =, period, clear, ID, and two user-
apecified keys. 1In this in.tial tesat program, it should be noted
tnhat the digital recorder was provided with a special keyboard,
illustrated in Figure 5, designed and built at MITRE to provide a
full alphanumeric capability. As it turned out, this MITRE keyboard
proved deficient in several respects. Improvements to its design,
tc optimize its use for this particular data entry application, are’

recomnended in Appendix C to this report.

The Source 2001 digital recorder {s no longer availatle as a
production model, although reconditioned units can be obtained. It
has been replaced by an improved model designated the Source 2100,
which offers a slightly faster transrission rate and a somewhat
larger optional display (12 characters rather than 10). Technical
details of tne Source 2100 can te obtained from its manufacturer,
MSI Data Corporation,
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APPENDIX E

SEQUENCE CONTRCL FOR THE ON-LINR TERMINAL

To illustrate the nature of the interactive sequence controlling
use of tne on-line terminal, the following pages tabulate the basic
displays which appeared at different stages of the data entry
process. Tnis tabulation provides an arbitrary reference number for
each display, assigned for convenience in this discussion, along
with a facsimile of tne display itself, plus occasiocnal annotation.

The display window of this on-line terminal is small, Jjust two
rows of 10 symbols each. The interactive sequence was designed to
maximize use of tnat limited display, by oreaking the =ntire data
entry task into simple, discrete transactions, and by compressing
displayed message3s required for operator guidance into as few words
as possible.

The displays used fell roughly into three categories -
questions, prompts, and transient advisories - and are shown thus in
this tabulation. Questions offered the operator a choice in the
interactive sequence (e.g., whether to review previoucsly reviewed
shipment data, display 120), or asked him to confirm the correctness
of previously entered data. Prompts signalled the operator that he
could kecy new data onto the display, or correct previousiy entered
data, Transient advisories appeared as needed to aler: the operator
to detected errors in entered data, or to remind him of the next
step in the gata entry sequence.

For convenience of discussion, the total data entry job can be
considered as accomplishing several different tasks. The first task
involves load identification, illustrated in displays 810-959.

These displays were included only for purposes of demonstration, to
show how this task might be accomplished in actual truck dock
operations. These displays were used Ly the observer to initiate a
test session, but were not used by the operators.

The second general Lask iavolved shipment identification,
illustrated in displays 112-129, which re! resented the first actual
-task of agata entry during testing. An operator began his job by
entering a TCN for the first piece of cargo to identify its
shipment, in display 112. Alternativaly, he could enter a two-digit
index code, as explained earlier in the body of this report.
Various computer chechs were applied to his input, as indicated by
displays 113-115. If a new TCN was entered, the computer would
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assign it an index, in display 117, which the operator could note
for future use if he wished to do so.

(A deficiency in the control program is apparent at this point.
There snould be greater feedback linking TCN's to indices, and vice
versa. Imagine that the operator makes a mistake in reading his
index list, and keys the wrong index. Using the present program he
might not notice his error, and so proceed to enter the right data
for the wrong shiprmeut. It would help if for whichever snioment
designator the orerato~ entered, either TCN or index, the co. puter
would respond with a display of the other designator, to give him a
chance to check it. In that way, perhaps the convenience of index
codes could be preserved without their pitfalls.)

In this program, sequence control branches depending on what
shipment has been designated. For the first piece of a shipment
with advance data, the operator is required as his next task to
review all shipment data, in display 118 followed by display 210 (or
211 if RDD is blank). For the first piece of a "new" shipment the
operator is required to enter such data, in display 119 followed by
display 211, 1In either case, for subsequent pieces in the same
shipment the operator is given a choice whether or not to review
general shipment data, in display 120. Generally he would choose
not to review shipment data again (the review option was selected 8
percent of the time, in only 46 instances out of 579 choices), and
so would proceed directly to enter piece-specific data, in display
129 followed by display 312.

The task of reviewing or entering general shipment data was
mediated by the sequence beginning with display 210 or 211. 1If a
data item already had a value, whether pre-stored from advance
shipment data or entered previously on-line, the sequence control
presented that value for review, in displays 219, 229, 230, etc. If
the operator confirmed the displayed value by keying YES, the review
. Sequence continued to the aext item. If he keyed NO, then the
sequence shifted to the matching data entry display - 212, 222, 232,
ete.

~Various computer checks were applied to each data entry. If the
entry seemed improper, a transient error message was shown, as
illustrated in displays 213, 223, 233, etc., after which the same
-data entry display was shown again. The error messages were
designed to be as informative as possible, within their brief
limitations. A scanning of the error messages listed here will
indicate the kinds of data checks which were included in this
initial test program. More specific checks could be designed for
actual use in truck dock data entry.
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wWhen a data entry passed the computer checks correctly, program
control moved on to the next item in the sequence, showing either
the next review display or the next data entry display as
appropriate. If the operatuir himself decided that a previous entry
might be wrong, he could use the general BACKUP option to move
backward thiough the sequence, 3tep by step, seeing either the
review display for each item or a data entry display for blank
items,

Review/entry of general shipment data was followed by entry of
piece-specific data, in display 289 followed by di-=play 318 or 312.
Entry of PIECE number illustrates that potential data ciiccks are not
limited to comparison against fixed criteria, but can also be made
contingent on other data entries. 1In this example, if the PIECE
entry exceeds the value already entered for T0OTAL, the operator is
required to review TOTAL, in displays 314 and 319, followed by
display 280. A broader example of this sort is provided by the
errcr check for TAG entries which will not permit the operatnr to
duplicate any TAG already assigned to another piece of cargo.

The review display for TAG (display 340) was unusual in that the
computer was programmed to anticipate data entries, on the
assumption that the real operator would assign tag identifiers in
sequence tc pienes as they are unloaded. The only other example of
tnis kind was the review display for POE ("TQ"), display 258.

Trne tabulated display sequence indicates a program flaw at the
conclusion of tre entry of piece-specific data. Since it was
assumed that the lisposition of individual pieces of cargo could not
be known in aivance, ro review displav for DISP was provided., If an
operator had just entered a DISr and tnen realizea it was wrong, he
couid not BACKUP to correct it. Future versions of this program
should provide a display 350 to permit review of DiSP entries, and
following DISP entry some display from which BACKUP is possible.

when the operator completed the entry of piece-specific data,
program contro. cycled back to the task of identifying the shipment
for the next. piece of cargo, display 35y followed by display 112.
This cycling contirued throughout a test session until data for all
plieces had been entered, at which point the operator woull signal
STOP.

The STOP input initiated a final bookkeeping sequence,
illustrated in displays 409 through 442, whicnh was used by the
observer to terminate the test session. The test operator, his job
done, simply handed the terminal to his observer who dealt with
these final chores.
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Tnroughout the control program, the interactive sequence was
designed, insofar as possible, to be foolproof against mistaken
operator inputs. That is to say, the operator could enter wrong
¢ata, within the limits of the progr..med data checks, but he could
not enter wrongk sequence commands which might "confuse™ tne control
Frogram. At branching nodes of tne program, represented by the
question displays, tne operator could input only YES or NO. Any
cther input was rejected, with the exception of implicit options
3Jdch as BACKUP. (Tne actual inciderice of wrong replies to YES/NO
questicns was less than one percent, only 41 instances out of a
total of 4915 responses, generally representing an impulsive attempt
to correct a wrong data item directly rather than first signalling
that {t was wrorg.)

This rejection of random i{nputs was programmed with a nicety
which seems in retrocpect to have been wasted effort, Every
qiestion was programmed to have an alternative dirplay format, so
“hat whenever the operator responded inappropriately a different
version of the same display would appear. For example, display 230
might first read "PRIODRITYz27", but after a wrong response would
reappear in altered form as "PHIUKITYz2 YES/NO?" (Because of their
redundancy, such alternate display forms, display 231 in this
example, have pot been included in the tabulation of displays
presented here.)

The purpose ol tnis particular design tactic was to ensure thnat
for every operator action (input) tnere would be some visible
reaction (changed display output) from the computer, an elementary
design rule fo interactive sequences of this sort. It probably
whuld 3uffice just as well, however, siasply to program each gquestion
display so tnat it reappears accompanied by an auditory signal
whenever a wrong input is made. That simpler expedient is
recommended for future versions of this prograsm.

The sequence control program for this initial testing would
prodably have to be revised in other ways for actual use on the
truck dock, For test purposes, the task required entry of all data
items from tne shipping label. In actual operations, it is possible
that some of tnese items could be omitted from the entry sequen-ce,
s0 that only a subset representing the most critical data would have
to ve entered, )

In actual use, 3till other kinds of changes will prove
desirable. The distinction between general shipment data and piece-
specific data need not be maintained in the control program. Such
transitional guidance displays as 118-129 and 289 should be omitted
as unnecessary to the operato., PIECE should pe entered before
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TCTAL, reversing displays 282 and 312, sc that the entry sequence
for those items corresponds to their order in the shipping label
format, The review display for PIECE, display 319, should be
eliminated, since the coccasional appearance of that display tended
to confuse the test operators, interrupting their regular data input
sequence. '

Several changes should also be made to the keypad used with the
on-line terminal. Labelling the BACKSPACE key simply witn a left-
arrow proved too cryptic. That key should be given some sort of
name, such as ERASE. The CANCEL key should be eliminated, since it
was seldom used properly. The on-line sequence to modify the timing
of transitional diaplays should be eliminated, and the key used to
initiate that sequence should be modified in function to provide a
simple flip-flop between fast (.5 sec) or slow (1.5 sec) time
intervals.
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A displayed question mark (?) is
used throughout to denote that a
YES or NO input is required.

A displayed colon (:) denotes that
sose data input may be required.

The period (.) is used here to
indicate displayed cursor position.

The asterisk (*) is used here to
indicate displays which are
accospanied by an auvditory signal
("beep™), mostly error messages.

252 repeats itself until the
operator signals STOP.

pSo is a sisple advisory rathei
than an error message. The "beep®
is onitted. -
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Notes

A few error messages must be output
as a3 sequence of displays, in order
to erplain available options. The
plus (‘Y is used here to indicate
the seco:d display in the sequence.

An underline is used here (o
indicate a variable cisplay
element. The underline was not
actuall;, displayed.

Although 117 is not an error
message, the "beep" is used to

call attention to its appearance.
It vas displayed for twice the time
interval used for error sessages.
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Notes

This series of displays peraits
sequential review, or entry, of
data iteas appearing on a shipping
label. Where advance data are
available, or data have alrveady
been entered, the itess are
displayed in query form fcr
confirsation. Wherc no data have
been entered, the blamnk itoms ere
displayed as prospts for data
entry.

The data validation checks for all

of these items are rudimentary, as

can be teen from the advisory error
messages. MNore cosplicated checks

could be programsed if needed,

This question wvas exceptional in
that DOV was displayed wvhen there
had been no previous entry of POE.
I1f all truck cargo arriving at a
tersinal d4id in fact have the sasze
POE code, then this entry could be

eliminated.

Nore cosplicated checks could pe
sade here, to ensure that entered
POD matches a possible destination.

During testing, the actual total
never exceeded 8, but the variable
display element is shown here as
being potentially larger.

A P e 0SB s gt




Display Questions
Buaber. f{Yes/ZNo) .

Reriewsuntry of plece-snecific _data

fata Tntiy Transient
Proppts.._ Mdyisories

119 PIRCE=1?,
—

12 [PTECT: i

113 * 4 DIGITS
MAXTNYN

3y » [RNNN LOOKS
700 LARGY

s * MUST CH¥CK
ToTAL

3129 lu'rsn?-

NNNNN?, l e
322 : MFIGHT: I
323 — o|s prorTs

— LIYSTLL
139 Icuars
NNNN?,

132 CUBF: |
3.3 » | pIGITS
ug :?Ac=u§!§§%
{2, -
w2 feag: l
e
343 alrN=ce ¢ t
LIGITS
e o [NNNNN HAS
. |EF USED
1€ fcrsp: l e
3t o [s sym3ors
MAXINUM
3ca Fwrza cvnp
1P DONE
125
e o TR

;qﬁxﬁﬁ{kﬁdfé?" T e

PP TR VI

Notes

This question was asked only vhen a
TOTAL of 1 had been entered., It
proved .onfusing to the test
operators and should be elisinated
in future versions of the progras.

Branch to 289,

Advance dats on weight and cube
could be revieved only for single
plece shipments,

In this question the displayed TAG
was 1 higher than ti:e last TAG
entered, assusing that the operator
assigned tag nusbers in sequence.

AN flav in the prograa: since no ' \
disposition data were pre-stored, ! 3
a reviev question was omitted, and ! ;
it was not possible to BACKUP to i
correct a wrohqg entry for DISP. S

9ranch to 112,
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APPENDIX C

IMPROVED PROCEDURES FOR DIGITAL RECORDING

In the body of this report, several problems were noted with
regard to the format control locgic for data entry, and the
procedures for error correction, associated with use of the digital
recorder in this initial test program. A more detailed analysis of
errors of entry format, presented in Appendix E, suggests that some
of these problems are probably associated not with the general
concept of digital recording as a data entry mode, but rather with
deficiencies in the particular implementation chosen for testing.
That is to say, some of these problems could be effectively
eliminated by an improved keyboard design permitting simpler

procedures for data entry:

DObserved Preblem

Operators may forget to push TCN
key before entering TCN or index.

Operators may confuse data items
grouped in a3 "line".

Operators may forget tc key
ENTER.

Operators may hit indicator keys
by mistake when keying data.

Operators may get confused using
BACKSPACE key.

Operators may misuse CANCEL key.

Operators may forget to key
indicator twice to signal line
re-entry.

Operators may forget to key TCN
twice to re-enter TCN.

ossible Solution

Make the TCN key more prominen..
in size and position.

Provide a separate key to
indicate each data item.

Omit ENTER if individual field
iadicators are used.

Provide an extra margin of
space between indicator keys and
data keys.

BACKSPACE would be used less
often if re-entry of individual
data items were easy.

CANCEL would not be reeded if
data items could be re-entered
easily.

Item re-entry need not require

double keying of indicator.

A special key is needed for
unambiguous correction of a
wrongly input TCN.
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Qbserved Problem Possible Solution

Operators may forget to assign Index assignment should be an
an index when beginning data entry optional, discrete action at the
for a new multi-piece shipment, end of each data entry session.

A keyboard layout incorporating these suggested improvements is
diagrammed in Figure C-1. Here keys are arranged in relation to
their intended function, with indicator keys and other special keys
around the margins of the keyboard. [ata entry for each piece of
cargo would begin with the large TCN/INDEX key at the top left. The
indicator keys for items of general shipment data are arrayed across
the top and down the lefi side of the keyboard, corresponding
approximately to the format of those items on a shipping label.
Similarly, the indicator keys for specific piece data are at the
bottom of this keyboard, just as those da'. items are displayed at
the bottom of a shipping label. Special keys ..equired for error
correction are grouped at the top right of this proposed keytoard.

Although not indicated in the diagram, the various special keys
could be color coded according to their function. Indicator keys
for TCN, TAG and DISP, representing the minimum data items to be
entered for any piece, might be red. Indicator keys for piece-
specific data, i.e., PIECE, TOTAL, WT, CUBE, might be orange, since
these represent items which must usually be entered. Indicator keys
for general shipment data items might be yellow. Keys used for
error corrections might be blue. At the least, the large TCN key
should be made a different color from the other keys in its
vicinity, in order to add perceptual salience.

It should be noted that this proposed keyboard is designed to
facilitate the data entry task as it was performed in this initial
test program, i.e., entry of a complete set of shipping label data,
beginning with TCN. In actual truck dock data entry, it is possible
that the task could be simplified to include only portions of the
shipment data, and it is possible that the entry sequence would
begin with the TAG identifier for each piece of cargo. If the task
were changed in these ways, the proposed keyboard design should be
modified accordingly.

128




12p1023Y 1BIT8FA 203 InoAe] pivodhay paaoaduy *7-D 3Ind1d
X3aNI ﬁ__
5ISSV dsia ovl 28N 1M TVL0L| | 3041
Z X
ol
X M A 1l S
aod
4 b d N H ) L
dod
1 A r H 9 9 ki
RO¥d
d | a d Y £ 1
Xaani
NJOL NOL
. 3 0 0
UVATD aovdsiove NV "O0I1Yd| | roud aqy -

129




APPENDIX D
SAMPLE CHECKSHEE13

The follcwing pages illustrate one complete set of checksheets
used in this initial test program. The checksheets in this sample
set provide a high level of advance data for a test load of low
shipment-to-piece ratio. Printouts of advance data are included for
9 shipments of tne total of 12 shipments in this load. The set of
checksheets begine with a cover sheet indexing these 9 shipments
arranged "alphabetically™ by TCN. Succeeding pages, each showing a
prominent index number, display the advance data for each shipment.

The items comprising the general data for each shipment are
arranged in a format corresponding to the actual layout of shipping
labels, to facilitate comparison; missing items are denoted by an
empty field of dots. Lines for piece-specific data are displayed
below the outlined label format, with the number of these lines
corresponding to the number of pieces known to be in the shipment.

In the checksheet mode of data entry, the test operators were
instructed to review advance data items for accuracy and
completeness, and to write in any necessary changes. For purposes
of testing, the information actually shown on a shipping label was
assumed to be correct, and advance data items were to be changed as
necessary to match the la'el. In the sample checksheets shown here,
it can be seen that correction to advance data wes made for the
shipment indexed 3 (wrong cousignor code), and an addition made for
shipment 9 (missing project code).

In using the checksheet mode of data entry, the tect operators
had to write in the necessery piece-specific data for all shipments.
For shipments with no advance data available, the general data also
had to be written onto thz checksheet, copied from the shipping
label. Blank checksheets were included for that purpose, and three
of these are shown at the end of the sample set illustrated here,.

Test operators were instrucuted to write legibly, and reminded
frequently during the test series that their checksheets would be
used later by other people in transcribing the written data to
digital form., Examination of the resulting checksheets, however,
raises some question as to how accurately such data tranacription
could be performed. The sample sheets illustrated here represen*
reasonably legible writing in comparison with some others produced
in this initial test program.
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The general layout of the checksheets seemed satisfactory in
testing, and couli probably be recommended as a desirable format for
practical use. The layout of the cover sneet index 1list could be
improved. In retrospect it seems a mistake to have listed TCN's
alphabetically. The most distinctive feature of a TCN tends to be
its last group of four symbols. The preceding symbol groups,
representing codes for initiating agency and date, tend to be
similar, sometimes identical, from one shipment to another. During
the data entry task, test operators were observed scanning the last
column of symbol groups on the index list, looking for a match with
the next TCN to be entered. Such scanning would be faster if the
list of TCN's were rearranged so that these last groups of symbols
were in numeric order. Such a rearrangement would also reduce the
possibility of error in identifying the proper TCN in an occasional
instance where the last group of symbols in one TCN is the same as
that in another, since these two TCN's would be displayed together
in the index listing.
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APPENDIX E

FORMAT ERRORS IN USING THE DIGITAL RECORDER

As observed in Lhe body of this report (Section IV), use of a
digital recorder for data entry can result in a variety of format
errors of different kinds. Some format errors can be detected as
logical discrepancies between a data item actually entered and t..e
formal requirements for that item - a TCN with too few symbols, or
perhaps an undefined enir of "6" for PRIORITY. Such errors of
improper data format can occur in any mode of data entry. Other
format errors result from mistakes in the sequencing of data inputs,
as for example a failure to indicate which data item is being
entered next. Such errors of entry format are easily made when
usirg a digital reccrder, and difficult to correct in subsequent
analysis of digital records. That problem is the subject of this
Appendix.

Digital records generated during this initial test program were
scrutinized to determine what kind of format errors occurred.
Altogether some 30 specific types of error were jidentified in ten
general categories. Some kinds of error had to do with data format
and some with cntry format, as those terms were used above. Errors
in entry format reflected failures to remember or use properly the
indicator keys; trouble with the concept of line entry, along with
use of the ENTER key to separate data items within a line; and
operator confusion about error correction procedures. Some kinds of
errcr were serious in their consequences. Other errors made no
difference in the final record but merely involved unnecessary
effort for the operator. Some of the more serious errors could be
detected and corrected to some degree in computer processing of
digital records. Others could not.

A general categorization of error types is presented below,
along'uith comments on the consequences of each type of error, and
what means might be taken to prevent it if possible, or to detect
and correct it otherwise.

Errors of pata Format

Two categories of error have to do with faulty format of the
data entered. Errors of data format would be detected and corrected
immediately using an on-line terminal, but cannot be corrected in
the record produced by the digital recorder.
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1. Missing data. The operators sometimes forgot to enter a
data item which was required. The consequences of this error can
vary considerably. If the operator fails to enter an item of
shipment or piece data, then it may be only that item which is lost
from the final data record. 1If he forgets to enter a TCN or INDEX
to identify the shipment, however, then the consequences are more
serious, Data items for the new piece would be overlaid as supposed
corrections to corresponding data items for the last previous piece,
creating wrong data for the previous record, losing the new recosrd
altogether, and possibly losing other records as well depending upon
how carefully the operator enters data for multi-piece shipments.
These errors cannot be corrected by computer analysis. The operator
must be trainc tn enter all necessary data, although it is clear

“that even a well-trained operator will occasionally become
distracted and forget an item. The key designating input of the
TCN, initiating the data entry sequence, should be made prominent in
some way, to try to ensure that the operator will not forget that
one especially critical item.

2. Wrong data. The operators sometimes entered data items
wrongly, perhaps entering a symbol string that was too long or too
short or recognizably deficient in matching some other formally
defined requirement. The consequences of this error again vary
depending upon whether just a single data item is faulty, or whether
a wrong TCN has invalidated the eatire data record for a piece of
cargo. These errors can be detected in subsequent computer analysis
of the data record, but cannot be corrected when an off-line device
such as the digital recorder has been used for data entry. The only
solution to this problem is to try to prevent such errors by
selecting responsible operators and training them in the importance
of careful data entry. Even then, some persistent level of errors
must be expected.

Misuse of Indicator Kéxs

The remaining categories of error have to dn with errors in
entry format. Such format errors would be impossible for the user
of an on-line terminal. For the digital recorder, errors of entry
format would vary with the keyboard design and the associated logic
of the data entry sequence.

3. Missing indicators. The operators sometimes forgot to hit
an indicator key to identify the next data items to be entered. 1In
this initial test program, indicator keys were used to signal a
"line" of data items. The consequence of omitting an indicator was
to string the new data items at the end of the previous line; but in
subsequent processing that previous line was truncated to its proper
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lengta, so that new items were lost. When the indicator for a TCN
eniry is forgotten, the situation is more serious, as mentioned in
the body of this report. If the new TCN is not recognized as such
in subsequent computer processing, then all new data entries will be
accepted as supposed corrections to the corresponding data items in
the record tor the previously entered piece. 1In that process, the
previous record becomes completely wrong, and the new record is
completely lost. Several prevantive measures appear possible. One
approach would be to revise the keyboard so that every data entry
must be preceded by its own indicator, as recommended in Appendix C.
For the operator, such a keying logic would strengthen the habit of
hitting an indicator key before every data entry. In subsequent
compuler analysis of data records, the consequence of a forgotten
indicator would be loss of just one data item rather than a "line"

- of items. (The line concept should be abandonned in any case
because it was confusing to the operators, as noted below.) The
indicator key for TCN entry should be made especially prominent, to
reduce the likelihood that it will be forgotten. Since the
consequences of its omission are so severe, the computer software
used to analyze recorded data should include some sort of
preliminary screening routine to detect omission of TCN indicators
and insert them as needed. In this initial test program, a routine
was devised to scan the data record immediately following entry of
disposition code (properly, the last item entered for each piece) to
determine whether a long unidentified string of symbols appeared, in
which case that string was assumed to represent a new TCN and an
indicator was inserted before it. This routine corrected many
omissions properly, but in . few instances caused errors of its own.
Its net effect was clearly beneficial. A similar screeningz routine
was devised to insert indicators before the line of data items
containing TAG and DISP.

4. Wrong indicators. The operators sometimes hit an indicator
key accidentally, or hit a wrong indicator key. If the operator
does not notice this error, sone data loss may occur by premature
truncation of line entries. If the TCN indicator has been keyed by
mistake, this can cause more extensive loss from the data record
veing prepared: the next data item entered will be considered as a
new TCN and subsequent data items in the record will be associated
with that spurious TCN. Computer analysis software may detect such
errors but cannot correct them. A keyboard expanded to eliminate
the nced for line entry would reduce the consequences of wrong
indicator keying. The TCN indicator key in particular should be
positioned so as to minimize the likelihood of its accidental use,
It is important also that if the operator himself notices wrong
indicator keying he be given the means to correct his error. In
this initial test program, the operators sometimes tried to use
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BACKSPACE or CANCL keys for that'purpose. As it happens, the
original data analysis software did not anticipate this problem and
did not permit such erasure of indicator entries. The software was
subsequently revised to deal appropriately with operator corrections
of that sort.

Errors in Line Entry

The concept of entering groups of datz items in a single "line",
along witih the consequent need to use the ENTER key to separate
items within a line, proved a source of some confusion to the
operators in this initial test program.. The line concept and its
techniques of implementation require the operators to remember a
number of things: to use appropriate line indicators, to enter
7 items within a line in a fixed order, marking them with the ENTER
ﬁ key, to re-key an entire line of items when correcting one of thenm,

' etc., When memory fails, as it sometimes does, the operator may make

. errors in the format of line data entries. Errors of *his kind

. would not occur using a keyboard on which each individual data entry

" could be signalled using a separate indicator key, following a

i keyboard design such as that recommended in Appendix C. Using such

- an improved keyboard, data items could be entered in any order,

© blank items could be omitted, wrong items corrected individually,
with no confusion in concept or data entry technique caused by item

grouping into lines. With the line entry logic actually used in

this initial test program, however, a number of format errors were

observed.

. 5. Displaced data. One operator on several occasions keyed a

data item in the wrong line, at the beginning, with the result that
this item wa3 lost and all other items in that line were displaced
and reccrded wrongly. There is no reasonable means of correcting an
error of this kind in subsequent computer processing. These errors
apparently resulted from simple lapses of attention, since that
operator usually entered the same data items correctly.

6. Blank items, Several operators when correcting a data item
at the end of a line (e.g., CONSIGNEE) sometimes entered blanks for
the preceding items, rather than re-entering all items in the line
as they had been instructed to do. In straightforward computer
processing of the data record, this lapse in entry format would
result in loss of the blanked items. The data analysis software was
modified so that blank entries could not erase pre-stored items of
advance shipment data, which represents a solution of sorts. On the
other hand, operators sometimes forgot to make even blank entries
for preceding items, which resulted in displaced data. A better
solution would be to abandon line entry altogether. As a somewhat
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different indication of the potential confusion caused by blank
items in a line entry format, one operator actually entered a line
of blanks (denoting no RDD and no PROJECT) on several occasions, an
unnecessary data entry which had no effect on the final data record
but simply represented wasted effort.

7. Missing ENTER’s. Operators sometimes forgot to key ENTER
when needed to signal separation of data items in the middle of a
line, which resulted in loss of the next item, possibly a wrong
entry for the preceding item, and probably wrong entries for any
folleowing items. There is no feasible correction routine which can
be applied in subsequent data analysis. Sometimes the ENTER key is
not forgotten, but some other key is hit accidentally in its stead.
The results are the same unless the key hit accidentally is an
indicator key, in which case the confusion is compounded as in the
type U4 error described earlier, Sometimes the ENTER key has been
used properly but then is accidentally erased from the record by
subsequent use of BACKSPACE in an attempt to correct the next
following data entry. The resulting data loss is the same. One
operator frequently forgot to key ENTER at the conclusion of a line
entry. Although these omissions violated his instructions, it
happens that they proved harmless in that they had no effect on
subsequent processing of his data record.

8. Wrcng ENTER's. Operators sometimes accidentally hit the
ENTER key when they should not. If ENTER is struck too soon when
keying a TCN, for example, that entry would be truncated in
subsequent processing of the data record, so that shipment
identification would be recorded wrongly for that piece of cargo,
and possibly for other subsequent pleces as well in the case where
an index was assigned to a multi-piece shipment as part of the data
entry sequence. If the extra ENTER is internal to some other data
item, then that item will be truncated and stored wrongly, and
subsequent data items may be displaced to produce wrong records
using the line entry logic. Hitting an ENTER key twice by mistake
will also have the effect of displacing subsequent data items in a
line to produce wrong records. If an extra ENTER begins a line of
data entries, then all data items in that line would be displaced in
the record in a straightforward data analysis. 1In this instance,
however, a special routine can be devised to repair the error,
namely to pre-screen data records and remove initial blank entries
from a i1ine. In this initial test program, such a routine was
included in screening data records, to remove extra ENTER’s at the
beginning of data lines (except for the RDD line), which corrected
most errors of this kind. If the extra ENTER’s are at the end of a
line, which occasionally happened, then no harm is done in
subsequent analysis of the data record. A further problem with the
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use of ENTER was occasionally observed: one operator sometimes

. keyed line entries so quickly that the ENTER key was transposed in

position with the data item it was to mark, thus resulting in both
an extra ENTER and a missing ENTER in the same line., There is no

cure for this sort of carelessness if the line concept of grouped

data entries is retained.

Mistakes in Error Correction

As described in the body of this report, the test operators had
available to them several means of correcting data entry errors if
those errors were detected as they were made. Error correction
procedures included use ..~ BACKSPACE or CANCL to erase single
symbols or data fields respectively, or double keying a line
indicator to re~-enter a line of data. All three of these procedures
are potentialiy subject to misuse, i.e., they can cause errors as
well as correct them. BACKSPACE can be used to erase wrong symbels,
or to eliminate wrong indicators or ENTER’s (correcting error types
4 and 8 above). But careless use of BACKSPACE can cause missing
indicators or ENTER's in the data record (error types 3 and 7).

That seems an unavoidable risk if a BACKSPACE capability is
provided, and BACKSPACE is a useful capability when used correctly.
The other modes of error correction seem to offer more hazard than

help.

9. Misuse of CANCL. For all operators, there seemed some
degree of confusion between the use of the BACKSPACE and CANCL keys.
CANCL was seldom used, and then sometimes improperly. In one
instance an operator was observed tc use CANCL repetitively, under
the momentary misapprehension that it was the BACKSPACE key, with
the result that he eliminated several preceding items from the data
record rather than several wrong symbols as he had intended. It is
recommended that a CANCL function not be included in any revised
keyboard, except for a special key to cancel a wrongly input TCN as
recommended below. If data items are entered separately, each with
its own indicator, then a CANCL key would offer little advantage in
any case, Corrections to any individual entry could be made easily,
either by BACKSPACE or by re-entry of the data item.

10. HMisuse of double indicators. In this initial test program
the technique of double keying indicators to correct line entries
was devised for one purpose only, to permit unambiguous correction
of a wrong TCN entry in th~ data record. Double keying indicators
for lines of shipment Jdata was not really necessary, since the logic
of subsequent data analysis was such that any new line of data would
properly replace the old, whether a single~ or a double-keyed
indicator was used. The operators were not told this, however,
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since it was considered important that they develop a consistent
habit of double keying indicators when making iine corrections.
Although double keying was not really needed for correcting shipment
data, double keying was essential for proper correction of TCN's.
When used properly, double keying of the TCN indicator is a
satisfactory technigue for signalling that a corraction must be made
to the last previous TCN in the data record. But the hazards of
misuse are severe. When trying to correct a wrcngly input TCN, the
operator may forget to begin his correction with a double stroke of
the TCN indicator. The consequences in subsequent analysis of the
data record are various: the previous wrong TCN remains _
uncorrected, with or without associated shipment data; and the new
correct TCN may be dissociated from its data depending upon when in
%he data entry sequence the re-ontry of TCN was attempted. Even
worse is the situation where an operator accidentally keys the
indicator twice when starting to enter a new TCN: the new TCN
replaces the last previous TCN in the data record,. the new shipment

‘data replaces corresponding items in the old; and old items not

replaced will persist wrongly in the new record. The most sensible
solution to these problems is to abandon the double keying technique
altogether, and to include on the keyboard a new key used
specifically to cancel a wrongly entered TCN. Such a key is
incorporated in the improved keyboard design recommended in Appendix
C. Perhaps that key can be given some notable color to help ensure
its proper use on the occasions when it is needed.

Frequency of Format Errors

Having catalogued these ten general types of format errors, the
next step i3 tc consider their frequency and conscquences. A
summary of the relative frequency of format errors of different
types is presented in fable E-1. Altogether, 183 format errors Jere
noted. Gf these, 24 were harmless in their consequences and have
been omitted from tnis tabulation. Of the 159 errors remaining, 76
were corrected by software routines used to screen the data records
in preparation for subsequent analysis, These screening routines
introduced 6 new errors, so that a net total of 89 format errors
remained.

Table E~1 indicates the consequences of those residual format
errors: data records completely lost for 14 pieces of cargo,
completely wrong for 21 other pieces, 7 false records added, plus
lost data for 66 miscellaneous items in other plece records, and
wrong data stored for 65 items. These data losses would have been
much higher if no screening procedures had been used, as indicated
by the parenthetic numbers shown in the table.
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The incidence of data format errors (37 errors of typ?s 1 and 2
above) was somewhat lower then the comparable figure when these
operators were using the on-line termi-al (59 errors, as shown in
Table 4-~1). This finding suggests that the users of the digital
recorder were trying to be careful, since they could not rely on a’
computer to monitor “heir data entriec and flag obvious errors.
Their conscientious performance, however, was not sufficient to
prevent the frequent cccurrence of entry format errors. Some
redesign of the equipment and the job would be requireu in order to
reduce tne considerable data loss resulting from errcrs of entry
format.

An improved keyboard for the digital recorder, such as the
design recommended in Appendix C, would simplify the logic of the
data entry sequence by eliminating the need to enter lines of data
items grouped together. By simplifying the data entry task in this
way, it is probable that most errors of entry format (error types 5~
10 above) could be eliminated completely.

Even with an improved keyboard, however, some errors of entry
format must be expected, namely the omission or misuse of itenm
indicators (error tyres 3 and 4 above). Examining the frequency of
such errors as shown in Table E-1, it is evident that errors of
omission (type 3) are mucn more common -than errors of commission
(type 4). Although keyboard redesign might improve performance
somewhat, it is probable that omission of data indicators would
remain a persistent problem in a real data entry job just as it was.
in this laboratory situation. If so, then some sort of data
screening routines to insert missing indicators will be useful in.
processing real data records just as they were needed in this
initial test program.

Given an improved keyboard design and a simpler logic for data
entry, it is possible that the digital recorder could prove adeguate
as an alternative (or backup) mode of data entry for use instead of
an on-line terminal. Further laboratory testing would be needeti to
assess that possibility. If an improved method of digital recording
could be developed in the laboratory, it would then have to be !
evaluated in field testing to confirm its real value. Patterns of
error might be significantly different in real job performance. \

In the laboratory setting of this initial t<st prograa the data\
entry task was continuous. As an operator finished entering data
from one label, the next label was immediately available on top of
the remaining pile. any errors may have resulted from haste to
complete the data entry task. Ir a real data entry job, the process
of cargo handling at truck dock or pallet pit would tend to
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interrupt the data entry task as the operator moves from piéce to
plece. The pacing of data entry would be more deliberate, with a
longer pause between each piece ¢ cargo. Under those conditions,
certain kinds of errors, like forgetting to key a TCN indicator, may
be less frequent, Or perhaps they might be more frequent. Field
testing will be needed to resolve .hat uncertainty.

In the laboratory task used in this initial test program, all
data items from a shipment label had to be entered, including some
items always present and other items which had to be entered only
occasionally. In a real data entry job, it might be possible to
regularize the task to require data entry only for a minimal subset
of items always present. Under those conditions, it is possible
that the operator could deelop more reliable habits of data entry
and make fewer format errors in the entry sequence. Again, further
testing would be needed to assess that possibility.
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APPENDIX F

OPERATOR EVALUATION QUESTIONNAIRES

The following pages illustrate the wo types of questionnaires
used to record operato: evluations of t.ie several data entry modes.
The first questionnaire, three pages long, was completed by each
operator at the end of a day’s test sessions using a particular
mode. It begins with an open-ended question intended to elicit a
general reaction and comments on aspects of the data entry mode
wnich seem important to the operator. The next question asks the
operator to rate his overall evaluation, on a scale which can later
be quantified in comparison with otner ratings.

On page two of tnis questionnaire the operator is asked to rate
performance on different aspccts of the data entry task. He is
asked for spontaneous comments on his experience in learning to use
the data entry mode, and then is asked to rate ease of learning.

Or. page three he is asked to rate his interest in the task,
reflecting mctivational factors. He is asked to rate data handling
performance, a consistency check on earlier ratings. He is asked to
rate the physical equipment used. Finally, he is asked again for
general comments, to elicit any ideas which may have occurred to him
while working on the questionnaire.

The second questionnaire, also three pages, was designed for a
somewhat different purpose. It was used only on the third day, at
the completion of all test sessions, to record each operator’s
evaluation of all three data input modes considered in comparison
with one another. This questionnaire begins by asking the operator
to provide a numerical rating for each mode on all aspects of the
Job previously considered.

On page two the operator is asked to assess the three modes in

‘terms of their potential application to the actual data entry job.

He is asked to desc.,ibe desirable qualifications for a person doing
the data entry job, to elicit his perceptions of what talents the
Job requires. He is asked to rate his own willingness to work at
such a job, on a hypothetical basis.,

On page three the operator is asked for the last time to offer
additional comments or opinions.
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MAC AIR CARGO TERMINAL DATA ENTRY - INITIAL TEST PROGRAM

m:.;:_S-Li—?S'

Input Mode: a'o-l.ﬁ.'ac T&m\'n& Operator:

After a day'’s experience using this particular input mode to enter shipping
data, what i{s your general reaction? Which aspects of the job go well,

and which poorly? What advantages does this data input mode provide? What
disadvantages?
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Check one of the boxes on the right

to indicate your overall evaluation ' & v |8
of this input mode for the task of 3 0 lo
entering shipment data. o glnlw
818114168
¥ eig|s|e
L] | e
Check heres{ A
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Check to indicate your evaluation
of this input mode in performing
specific aspects of the data entry
job.

Excellent
Good
Adequate
Fair/Poor
Poor

Entering the TCN designator..c.ceccescenncenss

Enter{ng general shipment data......cevvveees =

Reviewing pre-stored shipment data.........e..d—x

Entering specific plece data...v.vveeeeecaone

Detecting errors in pre-stored data......,...

NN

Correcting errors made during data entry...,,

What are your general impressions of your experience in learning how to use
this input mode? Which aspects were difficult? How could your training

have been improved?

—What eealls /__ngms_s_cAA e was #lr wal
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Indicate your evaluation of this K4 e

input mode in terms of how easy ot >

it 18 for a beginner to learn to a o
use {t. > o >
¢ 3 .ﬁ

> =
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v

Considering your experience with this
input mode, rate your interest in the
job ‘today.

Considering speed and accuracy of data
processing, and any other factors you
think important, how would you rate your
performance using this input mode?

How would you rad® the physical
equipment used in this input mode?
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What other comments can you make concerning the
aspect of the test situation?

L4 = a yev-y

equipment, or any other
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MAC AIR CARGO TERMINAL DATA ENTRY

INITIAL TEST PROGRAM

Date: ___5_-[5 - Zs

Comparison Across Input Modes Operator:

Now that you have tried all three /nput modes, you are asked to compare
them in terms of how well they perform the data entry job. In the table below
are listed several aspects of job perfcimance. Pleaserate the three input modes
on each of these aspects, on a scale frem § to 100.

(Imagine that you are a teacher grading students. Even your best student
may ot deselve a grade of 100. Similarly, you may decide that the best
input mode deserves a rating no higher than 80 on some aspect of the job. If
you consider the sccond-~best input mode only half as good, you would rate that
at 40, and so on.)

Input Modes:
Checksheet

Digital Reecox'din;"l

On;Linf‘ Terminal ——_l

T T
Performance Aspect : Ratings
Entering the TCN designator ‘ Ko }/0- jo )
Entering general shipment data (no- ’f?() 57&3“
Reviewing pre~-stored shipment data 16 & 6/0 20
Entering specific piece data ZO l-tﬁ ja 3
Dctecting errors in pre-stored data 6 f/Q 70
Correcting errors made during data entry SVC) <0 ?4/
Ease of learning to use input mode FRER %O ' 7o)
Interest in data entry job g0 yO g
Performance level achieved in one day's use 20 ) yo
Physical equipment used with this input mode Vala Y-C) JQ
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Considering your overall experience, do you believe any of the three
input modes tested here could be used effectively in the actual work situa-

" tion at the truck docks? ;{es .

If YES, which modes do you think could be used? T,(e oy line

leva: - s { sad , 0'4' tz/ Recovd: —«? .

If NO, what are the deficiencies which you believe would handicap use
of these modes in the actual work situation?

Suppose that one of your unloading crew must be responsible for entering
sulpaeat datd in tue actual work situation, using wiatever fuput wode is
How would you choose which man should be responsible for this
What characteristics should he have to handle the job we.l?

! i . wod e

QF!”G4”S| 7 ‘“a“[l ahoose dbe nea. tiad .

daxterested Spye M_Q_LA .

available.
data entry job?

Considering your experience over several days of testing, how willing
would you be to handle such a data entry job in your real uor:’:i;nltion?

Interesting job, glad to do it.ecevocescanses ¥V
Tough job, do i1t if I had tO...eeeeaescaccses
Share the job with others, do it sometimes...
Would prefer not to do ft.ivsececssscocsncans
Definitely not the job for me....ecceenavsves
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Whatever further comments you can make concerning the data entry job,
the various input modes, and the test procedures will be most welcoze.

AR 3 WP ARy M\(z 24U s f’( ‘o ooy that
the Japut mode -7 wanpld lLide dan worl)
aaith mogt g thw o line devmianl

If we are able to send you a summary of test results some time during
the next several months, what address should we use to reach you?

And finally, thanks for your help in this test program.
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